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Abstract 
 
The palladium-catalyzed cross-coupling of allylic silanolate salts with a wide variety of 
aromatic bromides was developed. The coupling of sodium allyldimethylsilanolate and 2-
butenyldimethylsilanolate required extensive optimization to deliver the expected products in 
high yields. The reaction of the allyldimethylsilanolate takes place at 85 °C under “ligand-less’ 
conditions in 1,2-dimethoxyethane with allylpalladium chloride dimer (2.5 mol %) to afford 73–
95% yields of the allylation products. Both electron-rich and sterically hindered bromides 
reacted smoothly, whereas electron-poor bromides cross-coupled in poor yield because of a 
secondary isomerization to the 1-propeneyl isomer (or concommitant polymerization). A 
modified protocol that employs an electron-rich phosphine ligand (SPhos), a lower reaction 
temperature (40 °C), and a less polar solvent (toluene) delivers the expected products from 
electron-poor bromides without isomerization.  
The 2-butenyldimethylsilanolate (E/Z, 80:20) required additional optimization to 
maximize the formation of the branched (-coupled) product and resulted in the development of 
two distinct protocols for -selective coupling. The first protocol took advantage of a remarkable 
influence of added alkenes (dibenzylideneacetone and norbornadiene) and led to good 
selectivities for a large number of electron-rich and electron-poor bromides in 40–83% yields. 
However, bromides containing coordinating groups (particularly in the 2-position) gave lower, 
and in one case even reversed, site-selectivity. Electron-rich aromatic bromides reacted 
sluggishly under this protocol and led to lower product yields. The second protocol employed a 
sterically bulky phosphonium tetrafluoroborate salt (t-BuCy2PH
+
BF4
−
) and resulted in 73–94% 
yields and excellent site-selectivity (/, 25:1–>99:1) in the coupling of electron-rich, electron-
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poor, sterically hindered, and heteroaromatic bromides. The use of a configurationally 
homogeneous (Z)-silanolate and nontransferable diethyl groups were critical to achieving 
excellent results. A unified mechanistic picture involving initial -transmetalation followed by 
direct reductive elimination or – isomerization can rationalize all of the observed trends. 
The stereochemical course of palladium-catalyzed cross-coupling reactions of an 
enantioenriched, -substituted, allylic silanolate salt with aromatic bromides was determined. 
The allylic silanolate salt was prepared in high geometrical (Z/E, 94:6) and high enantiomeric 
(94:6 er) purity by a copper-catalyzed SN2’ reaction of a resolved carbamate. Eight different 
aromatic bromides underwent cross-coupling with excellent constitutional site-selectivity and 
excellent stereospecificity. Stereochemical correlation established that the transmetalation event 
proceeds through a syn SE’ mechanism with is interpreted in terms of an intramolecular delivery 
of the arylpalladium electrophile through a key intermediate that contains a discrete Si–O–Pd 
linkage. 
The catalytic, asymmetric palladium-catalyzed cross-coupling of sodium 2-
butenylsilanolate with aromatic bromides was investigated. A wide range of chiral ligands 
including olefin, bidentate phosphine, monodentate phosphine, and cyclic and acyclic 
stereogenic at phosphorus ligands were evaluated. Commonly used chiral, bidentate phosphine 
ligands provided ineffective palladium-catalysts for the coupling of 2-butenyldimethylsilanolate 
with aromatic bromides. A catalyst derived from the monodentate phosphine ligand 
neomenthyldiphenylphosphine (20 mol %) and Pd(dba)2 (5 mol %) provided moderate 
enantioselectivity (75:25 er) and modest site-selectivity (5.7:1 /) in the coupling. Increased 
site-selectivity (up to >99:1) was obtained from reactions employing bulky di or 
trialkylphosphine ligands.  
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Chapter 1. Allylic Organometallic Donors in Palladium-Catalyzed 
Cross-Coupling Reactions 
 
1.1. Introduction to Palladium-Catalyzed Cross-Coupling 
The advent of transition metal-catalyzed, cross-coupling reactions has fundamentally 
changed the strategy for the construction of bonds between carbon atoms. The synthetic power of 
cross-coupling technology is evident in its wide-spread application to the preparation of 
pharmaceuticals, materials, and complex natural products. The general ability of cross-coupling 
reactions to selectively create carbon-carbon bonds in the presence of sensitive functional groups 
distinguishes it from other carbon–carbon bond forming processes. Various transition metals are 
known to catalyze cross-coupling reactions; however palladium has emerged as the most 
versatile catalyst because it exhibits good reactivity for a variety of organometallic donors (R–
M) and organic acceptors (R–X) (Scheme 1).1 Formal recognition of the importance of this 
reaction was made with the 2010 Nobel Prize in Chemistry awarded “for palladium-catalyzed 
cross-coupling in organic synthesis”. 
 
Scheme 1 
Pd0
M = Si, B, Sn, Zn, Mg, Li, etc.
X = I, Br, Cl, OTf, OTs, etc.
R, R' = aryl, alkenyl, alkynyl, alkyl, allyl, etc.
R'RR'XMR +
 
 
Cross-coupling reactions are identified as the reaction of an organometallic donor with an 
organic acceptor to produce a new carbon-carbon bond and an inorganic byproduct. The general 
mechanism of palladium-catalyzed cross-coupling reactions follows three elementary steps: 
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oxidative addition, transmetalation, and reductive elimination (Figure 1).
1
 Oxidative addition 
involves insertion of Pd(0) into a carbon–electrofuge (R–X) bond. The oxidation state of 
palladium formally changes from Pd(0) to Pd(II) with concommitant formation of carbon–
palladium and electrofuge–palladium bonds. Transmetalation of the transferable group from the 
organometallic donor to palladium results in the diorganopalladium(II) intermediate iii. The 
oxidation state of the catalyst remains palladium(II) with formation of the second carbon–
palladium bond. Reductive elimination of the two carbon ligands assembled on iii provides the 
organic product and regenerates the palladium(0) catalyst poised for turnover. 
 
LnPd
0
R X
Ln2(R)Pd
IIX
M R'MX
Ln2(R)Pd
IIR'
R R'
oxidative addition
transmetalation
reductive elimination
organometall ic donor
organic acceptor
iii ii
i
 
Figure 1. General palladium-catalyzed cross-coupling catalytic cycle. 
 
The first transition metal-catalyzed cross-coupling reactions of organometallic donors
2
 
were independently reported by Kumada
3
 and Corriu
4
 in 1972 (Scheme 2). These seminal papers 
describe the use of nickel-catalysts to couple organomagnesium donors with aryl and alkenyl 
halides. This process was extended to palladium-catalysts by Murahashi
5
 in 1975 and Ishikawa
6
 
one year later. The importance of cross-coupling reactions was recognized early on by their 
ability to create C–C -bonds catalytically at sp2 hybridized carbon atoms. However, couplings 
that result in Csp3–Csp2 or Csp3–Csp3 bonds have historically been more difficult to achieve.
7
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Scheme 2 
MgBr
Cl+
Ni(dppe)Cl2 (0.6%)
Et2O/THF/benzene (2:3:1)
rt, 20 h
89%
Kumada
MgBr Br
+
Ni(acac)2 (0.2%)
Et2O, 25 °C
50–75%
Corr iu
R RR
 
 
A major aspect of research in cross-coupling reactions is to increase the breadth of 
organometallic donors able to transfer novel groups and increase reaction efficiency, economy, 
and functional group tolerance. These efforts have achieved useful and general cross-coupling 
reactions of many major classes of organic transferable groups including aryl, heteroaryl, 
alkenyl, alkynyl, and alkyl. However, cross-couplings reactions of allylic organometallic donors 
are far less frequently encountered despite their high synthetic potential and Csp3–Csp2 bond 
construct. The following sections review the state of the art cross-coupling reactions of allylic 
organometallic donors. Many of these examples employ aromatic electrophiles and produce 
allylic arenes.  
 
1.2. Palladium-Catalyzed Cross-Coupling of Allylic Organometallic Donors with Aromatic 
Electrophiles 
1.2.1. Polar Construction of Allylic Arenes 
Allyl arenes represent an important class of substituted aromatic compounds because a 
variety of important organic products, including those produced by nature, possess an allylic 
arene component.
8
 Moreover the allylic substituent is synthetically equivalent to a number of 
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functional groups because of the multitude of asymmetric, oxidative, and reductive 
transformations that olefins undergo.
9
 Additionally, the olefin functional group of an allylated 
arene can serve in complex molecule synthesis in a number of ways, e.g., as a dieneophile
10
 or 
metathesis partner.
11
 Therefore, methods for the direct installation of an allyl group to an 
aromatic unit are desirable.  
The two fundamental disconnections for the polar construction of allylic arenes are 
shown in Figure 2.
12
 The classical manifestation of the aryl nucleophile/allyl electrophile 
disconnection A is the Friedel-Crafts allylation of an aromatic ring using allylic halides or 
alcohols and an acid catalyst.
13
 The Friedel-Crafts reaction often produces a complex mixture of 
products stemming from instability of the product in the reaction conditions. Additionally in 
electrophilic aromatic substitution, the arene partner must be activated and substituted benzene 
substrates suffer from low site-selectivity of the coupling. Alternatively, allylic arenes are 
prepared by the reaction of arylcoppers
14a
 or arylmagnesium halides with allylic halides.
14b,c
 The 
use of reactive Grignard reagents is restricted to substrates without sensitive functional groups. A 
palladium-catalyzed variant of this disconnection is also well-known in which arylmetal 
nucleophiles react with -allylpalladium(II) electrophiles.8b,15 
 
R
R R
A B
 
Figure 2. Polar allylation disconnections. 
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The disconnection B in Figure 2 represents the combination of an aryl electrophile and an 
allyl nucleophile. Examples of this approach include palladium and copper-catalyzed reaction of 
aryl halides with allylic Grignard reagents.
16
 Milder versions of this process can be accomplished 
through the use of allylic organometallic donors based on tin, boron, and silicon. These reagents 
react with aromatic halides (and their equivalent) in the presence of palladium(0) to afford 
allylated arenes (Scheme 3). Because the reactive site of the electrophile is predetermined by 
placement of the halide, a high degree of site-selectivity on the arene is achieved.
1
 With 
unsubstituted or symmetrically substituted allylic donors, allylic site-selectivity is not an issue. 
However, with unsymmetrically substituted allylic donors, for example 2-butenyl (Scheme 3, R 
= Me), the coupling can afford a mixture of products: a branched, -coupled product along with 
linear, -coupled products as E and Z isomers. 
 
Scheme 3 
R M + aryl X
Pd0
R
aryl aryl
R
aryl R
M + aryl X
Pd0
aryl
-coupled (E )--coupled (Z)--coupled
+ +
Unsubstituted
Substituted
 
 
 
1.2.2. Palladium-Catalyzed Cross-Coupling Reactions of Allylic Stannanes 
Cross-coupling technology was first extended to the use of allylmetal donors by Migita in 
1977 wherein allyltributyltin successfully transferred an allyl group to an aryl halide in the 
presence of a palladium(0) catalyst.
17
 Since then, the cross-coupling of allyltributyltin donors has 
been sporadically studied.
18
 A variety of electron-rich and electron-poor aryl iodides, bromides, 
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and triflates undergo this reaction in good yield. However, unsubstituted allylstannanes suffer 
from the tendency of the olefin to migrate into conjugation when aryl triflates are used,
19
 and 
substituted allylic tin reagents commonly provide a mixture of -coupled and -coupled 
products.
20
 Tsuji was able to obtain modest yields of the (E)--coupled product for a narrow 
substrate scope using triphenylarsine and LiCl (Scheme 4). Interestingly, the use of 
triphenylphosphine selectively produced the -coupled product albeit in low yield.21 
 
Scheme 4 
Me SnBu3 + I
Pd(dba)2 (5%)
ligand (10%)
LiCl (3 equiv)
DMF, rt
1 equiv
65:35, E/Z 3 equiv
(E)--1a -1a
+
ligand = AsPh3: 61% yield, 91:9,(E)--1a/-1a
ligand = PPh3: 23% yield, 0:100,(E)--1a/-1a
Me
Me
 
 
1.2.3. Cross-Coupling Reactions of Allylic Germatranes 
Allylic germatranes are known to undergo palladium-catalyzed cross-coupling with 
aromatic bromides.
22
 However, organogermanium donors are less reactive than the 
corresponding stannanes in palladium-catalyzed cross-coupling reactions. For example, allylic 
tri-n-butylgermanes are unproductive reaction partners in cross-coupling reactions.
22a
 Therefore, 
the germatranes (i.e. 2) were prepared in an attempt to increase the reagents reactivity by 
transannular coordination of nitrogen to germanium. Indeed, the allylgermatrane 2 successfully 
cross-couples with bromobenzene under palladium-catalysis at high temperature. The generality 
of this reaction with regard to aromatic electrophile was not described and the cross-coupling of 
-substituted allylic germatranes remains unreported. 
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Scheme 5 
Ge N
Br
Pd2(dba)3•CHCl3 (1%)
PPh3 (4%)
THF, 120 °C, 24 h
77%
+
2
1 equiv  
 
1.2.4. Cross-Coupling Reactions of Allylic Boron Derivatives 
A variety of allylboron reagents participate in cross-coupling reactions with electron-rich 
and electron-poor aryl bromides and triflates.
23
 Fürstner has reported the use of an alkylborane, 
B-allyl-9-borobicyclo[2.2.1]nonane (B-allyl-9-BBN), as a donor.
24 
The use of linear, substituted 
allylic boranes is not described and ortho-substituted organic electrophiles are not reported. 
Unsubstituted allylic boronic esters couple with a variety of aryl iodides and bromides
25
 and a 
few vinyl triflates.
26
 Although not stable when isolated, allylboronic acids formed in situ from 
vinyl cyclopropanes 3 or allylic alcohols 4 couple with aromatic iodides to afford high yields and 
site-selectivities (Scheme 6).
27
 Ortho-substituted organic electrophiles and aromatic bromides are 
ineffective substrates. 
 
Scheme 6 
E
E
or
OHR'
PdPhSe SePh
Cl
[B(OH)2]2
R
B
HO
OH
I
Z
Pd(Ph3P)4, CsCO3,
THF/H2O, 40 °C
83-97%
Z
R
E = CO2Et, SO2Ph
R' = C5H11, OBn
Z = H, OMe, Cl, NO2
3
4
R = CH(CO2Et)2, CH(SO2Ph)2,
n-C5H11, OBn  
 
A -selective allylation of aryl bromides using -substituted trifluoroborate donors has 
been reported by Miyaura.
28
 Ligands with large bite angles are required to achieve high -
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selectivity (Scheme 7), e.g. 1,1’-bis(di-t-butylphosphino)ferrocene (D-t-BPF). An 
enantioselective variant of this reaction has been described using a Josiphos ligand (er = 
>88.5:11.5).
29
 Interestingly, only -methylstyrenes (e.g. 5c) are produced from the cross-
coupling reaction of unsubstituted allyltrifluoroborates with aromatic iodides under microwave 
heating.
30
 
 
Scheme 7 
Me BF3 +
Br
Pd(OAc)2 (3%)
ligand (3%)
K2CO3 (3 equiv)
THF–H2O, 65 °C
1.5 equiv
1 equiv
-1b -1b
+
ligand=dppm: 35% yield, 78:22, -1b/-1b
ligand=D-t-BPF: 85% yield, >99:1, -1b/-1b
MeO
Me
MeO MeO
Me
BF3 +
I
PdCl2(D-t-BPF) (3%)
K2CO3 (4 equiv)
i-PrOH–H2O
MW, 120 °C
2.5 equiv
1 equiv
Me
Me
Me
(E)-5c
95%  
 
1.2.5. Cross-Coupling of Reactions of Homoallylic Alcohols 
Although not formally an organometallic donor, homoallylic alcohols do transfer allyl 
groups through a -carbon elimination reaction.31 Yorimitsu and Oshima described the 
palladium-catalyzed allylation of aromatic halides and triflates in good yields with high site-
selectivity when terminal olefins are employed.
32
 However, homoallylic alcohols with internal 
(Z)-olefins (i.e. (Z)-6) provide low site-selectivity, and those bearing (E)-olefins (i.e. (E)-6) are 
poorly reactive (Scheme 8). As for carbon efficiency, the coupling reactions produce a seven or 
nine-carbon ketone by-product while transferring only a 4-carbon unit to the electrophile. 
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Scheme 8 
Me
+ Br
Pd(OAc)2 (5%)
(o-tol)3P (20%)
Cs2CO3 (2.4 equiv)
toluene, 110 °C, 8 h
78%, 92:8 -1a/-1a
(Z)-6
2 equiv
1 equiv
-1a -1a
+
Me
Me
n-Bu n-Bu
OH
Me +
Br
Pd(OAc)2 (5%)
(o-tol)3P (20%)
Cs2CO3 (1.4 equiv)
toluene, 110 °C, 8 h
5% -1a, trace -1a(E )-6
1.2 equiv 1 equiv
-1a -1a
+
Me
Me
n-Bu n-Bu
OH
 
 
1.2.6. Cross-Coupling Reactions of Allylic Silanes 
The first use of allylic silanes in palladium-catalyzed cross-coupling was reported by 
Hiyama in 1991.
33
 The cross-coupling reaction of substituted allylic trifluorosilanes with organic 
halides or triflates catalyzed by (Ph3P)4Pd and promoted by tetrabutylammonium fluoride 
(TBAF) provide constitutionally homogeneous -coupled products. Studies on the mechanism of 
transmetalation revealed that electrophilic attack of palladium took place exclusively at the -
carbon.
34
 In addition, either the - or -coupled product can be formed in high yield from allylic 
trifluorosilanes with an appropriate choice of ligand.
35
 In the palladium-catalyzed, cross-coupling 
reaction of (E)-2-butenyltrifluorosilane with 4-bromoacetophenone those ligands with large bite 
angles such as 1,3-bis(diphenylphosphino)butane (dppb, n 98 °),
36
 or alternatively Ph3P give 
rise to the -coupled product. In contrast, the use of ligands with smaller bite angles, 1,3-
bis(diphenylphosphino)ethane (dppe, n 85 °)
36
 or 1,3-bis(diphenylphosphino)propane (dppp, n 
91 °),
36
 yield the -coupled product. These reactions demonstrate the power of ligand control on 
the site-selectivity of cross-coupling of -substituted allylic organometallic donors. However, the 
10 
 
dependence of the method on the use of labile trifluorosilanes and activation with super-
stoichiometric quantities of TBAF limits its application. 
 
Scheme 9 
Me SiF3
+
Br PdCl2 (5%)
ligand (5%)
TBAF (3 equiv)
THF, 120 °C
4 equiv
1 equiv
-1d -1d
+
Me
Me
ligand = dppp: 92%, 1:99 -1d/-1d
ligand = Ph3P: 97%, 100:0 -1d/-1d
O O O
Me Me Me
 
 
1.3. General Mechanistic Considerations 
Allylic organometallic donors are believed to undergo transmetalation through two 
discrete processes: (1) SE2' substitution, forging a bond between the -carbon to the allylic unit 
and palladium, and (2) SE2 substitution, forming a bond between the -carbon and palladium 
(Scheme 10).
28,33
 Direct SE2 transmetalation is only favorable with allylic stannanes, presumably 
because of the long (2.14 Å)
37
 and weak (65 kcal/mol)
38
 tin-carbon bond. When silicon or boron 
donors are used, transmetalation to the -carbon through an SE2' process is proposed. After 
transmetalation, the -bound palladium species can either reductively eliminate to yield the -
coupled product, or interconvert through an 3, -allyl palladium species.39 Highly site-selective 
couplings are proposed to arise from a fast reductive elimination of the initially formed -bound 
intermediate.
28,33
 However, if – interconversion occurs the geometry of the olefin can become 
isomerized and lead to a mixture of geometrical as well as constitutional isomers. As previously 
mentioned, ligands can have marked effect on the outcome of this process, and ligands that 
provide a facile reductive elimination of the initially formed -bound palladium species can 
allow for one constitutional isomer of the product to be formed exclusively. 
11 
 
 
Scheme 10 
R
aryl PdII
R
aryl
R
-coupled
product
-coupled
product
R
PdIIaryl
aryl PdII
R
R M
aryl PdII
aryl
SE2'
transmetalation
R M
aryl PdII
SE2
transmetalation






–
interconversion  
 
1.4. Research Objectives 
The objective of this research was to study the reactivity of allylic silanolate salts in 
palladium-catalyzed cross-coupling reactions. To accomplish this objective required the 
preparation of allylic silanolate salts and subsequent evaluation the reagent’s stability. 
Unsubstituted allylic silanolates were initially employed in cross-coupling reactions to eliminate 
complications arising from the site-selectivity of the coupling (Chapter 2). The site-selectivity of 
the coupling was studied with -substituted allylic silanolates. Two general methods were 
developed for the -selective coupling of sodium 2-butenylsilanolate. The first set of reaction 
conditions used an all olefin ligand system (Chapter 3). The second set used a sterically bulky 
trialkylphosphine in combination with a -acidic olefin ligand (Chapter 6). Studies to determine 
the stereochemical course of transmetalation were also undertaken (Chapter 4). These 
experiments required the synthesis of enantioenriched ,-disubstituted allylic silanolate salts. 
Stereochemical correlation was accomplished by chemical degradation of the silanolate reagent 
12 
 
and the products of the cross-coupling reactions. Efforts toward the catalytic, asymmetric cross-
coupling of allylic silanolate salts involved the synthesis and evaluation of chiral ligands 
(Chapter 5). 
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Chapter 2. Palladium-Catalyzed Cross-Coupling of Unsubstituted 
Allylic Silanolate Salts with Aromatic Bromides 
 
2.1. Introduction 
The use of organosilicon donors in palladium-catalyzed allylations has many advantages. 
Primary among these are the low toxicity
40
 and ease of synthesis of these reagents from 
inexpensive materials. However, the requirement for activation of the organosilicon donor by 
fluoride represents a drawback as organic soluble fluoride sources are expensive, corrosive, and 
incompatible with silicon protecting groups. 
The development of “fluoride-free” cross-coupling reactions of organosilanes has been 
actively investigated and extensively chronicled in these laboratories.
41,42
 We have discovered 
that organosilanols undergo palladium-catalyzed cross-coupling in the presence of a variety of 
Brønsted bases including NaOt-Bu, Cs2CO3, and potassium trimethylsilanolate.
43
 Under these 
conditions, alkenyl-,
43
 aryl-,
44
 and heteroarylsilanols
45
 cross-couple with aryl halides (and their 
equivalents) in high yields. Moreover, isolated alkali metal silanolates have been prepared and 
are stable, storable solids that can be used directly in cross-coupling reactions.
46,47
 
Initial studies in these laboratories of the fluoride-free coupling of allylic silanols began 
with the reaction of allyldimethylsilanol 7 in the presence of potassium tert-butoxide and 1-
iodonaphthalene under catalysis by allylpalladium chloride dimer (APC).
48
 Unfortunately this 
reaction afforded an inseparable mixture of products in low yield (Scheme 11). These 
experiments predated the development of pre-formed alkali metal silanolates where strongly 
basic external activation is unnecessary. We believed that the mild conditions provided by these 
pre-formed reagents would allow for a clean cross-coupling reaction of allylic silanolate salts 
with organic electrophiles. 
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Scheme 11 
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2.2. Research Objectives 
The goals of this work were to synthesize alkali metal allyldimethylsilanolate salts and 
study their stability and reactivity in palladium-catalyzed cross-coupling reactions. Initial cross-
coupling experiments focused on sequential evaluation of reaction conditions (stoichiometry, 
catalyst, solvent). After optimal conditions were found, compatibility with aryl bromides bearing 
a variety of functional groups was explored. Unsubstituted allylic silanolates were evaluated first 
to avoid complications arising from the site-selectivity of the coupling. 
 
2.3. Results 
2.3.1. Synthesis of Sodium Allyldimethylsilanolate Na
+
7
−
 
Alkali metal allylic silanolates were prepared to evaluate their stability and reactivity in 
palladium-catalyzed cross-coupling reactions. Allyldimethylsilanol 7 was prepared from 
commercially available allyldimethylchlorosilane using a modified procedure for the hydrolysis 
of silyl ethers (Scheme 12).
49,50
 Deprotonation of silanol 7 using sodium hydride in THF 
provided Na
+
7
− 
as a white, free-flowing powder upon concentration.
51
 The silanolate Na
+
7
−
 
could be stored at room temperature in an anhydrous environment for months with no 
discernable change in reactivity, or purity as evaluated by the 
1
H NMR spectra. 
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2.3.2. Optimization of Cross-Coupling of Na
+
7
−
 with 4-Bromoanisole 
Orienting experiments on the reactivity of Na
+
7
−
 in palladium-catalyzed cross-coupling 
reactions were carried out under reaction conditions (allylpalladium chloride dimer, toluene, 70 
°C) used successfully for the cross-coupling of other isolated silanolates.
41a
 The stoichiometric 
loading of Na
+
7
−
, with respect to 4-bromoanisole 10b was then examined (1.3 to 3.0 equiv). A 
mixture of Na
+
7
−
, 4-bromoanisole, allylpalladium chloride dimer (APC), biphenyl (internal 
standard), and toluene was prepared in a dry-box, removed and heated under argon at 70 °C in a 
preheated oil bath (Table 1). Gratifyingly, 4-allylanisole (11b) was the major product in all these 
experiments. The ratio of Na
+
7
−
 to 10b was observed to have a dramatic effect on the yield of 
11b. Incomplete conversion and low yield of the desired product were observed when 1.3 equiv 
of silanolate was used (entry 1). A significant increase in yield of 11b was observed when the 
amount of Na
+
7
−
 was increased from 1.3 to 2.0 equiv (entry 2). Increasing the silanolate loading 
further resulted in only moderate increase in the yield of 11b (entry 4). The remainder of the 
optimization reactions used 2.5 equiv of silanolate because it provided an acceptable yield 
without overloading. 
The next set of experiments evaluated a number of different variables in reactions 
executed under an inert atmosphere outside the dry-box (Table 2). As seen from the results in 
entry 1, the reaction performed under otherwise identical conditions failed. The outcome is not 
surprising as no stabilizing ligands for palladium were present. More robust conditions could be 
found by using palladium(0) sources bearing stabilizing ligands. The use of Pd(dba)2 containing 
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Table 1. Effect of Silanolate Loading on Allylation of 4-Bromoanisole
a 
Si
ONa
Me Me Br
MeO
+
MeO
APC
(2.5 mol %)
toluene
70 °C, 20 h
10b, 1.0 equivNa
7 11b  
entry Na
+
7
−
, equiv conversion
b
, % yield
c
, % 
1 1.3 87 51 
2 2.0 100 80 
3 2.6 100 84 
4 3.0 100 93 
a
Reactions performed on 0.4 mmol scale. 
b
Determined by GC analysis. 
c
Yield of 11b 
determined by GC analysis. 
 
the weakly coordinating olefin ligand dibenzylideneacetone (dba) afforded a modest increase in 
conversion of 10b (entry 2) whereas (Ph3P)4Pd (containing a more strongly coordinating 
phosphine ligand) improved the conversion markedly (entry 3). Coordinating solvents were next 
examined. Although no reaction occurred in acetonitrile at 70 
o
C (entry 4), and reactions in THF 
led to incomplete conversion after 6 h (entry 5), reactions in 1,2-dimethoxyethane (DME) and 
dioxane both provided complete consumption of 10b (entries 6 and 7). The lower boiling DME 
was chosen for preparative reactions to expand substrate scope. 
 
Table 2. Bench-top Allylation of 4-Bromoanisole
a 
Si
O

Na

Me Me Br
MeO
+
MeO
[Pd]
(2.5 mol %)
solvent, temp.
10b, 1.0 equivNa
7, 2.5 equiv 11b  
entry [Pd] solvent temp., °C time, h conversion
b
, % yield
c
, % 
1
d
 APC toluene 70 20 10 5 
2
e
 Pd(dba)2 toluene 70 20 31 28 
3
e
 (Ph3P)4Pd toluene 70 20 72 59 
4 APC CH3CN 70 20 trace 0 
5 APC THF 65 6 79 77 
6 APC DME 85 6 100 93 
7 APC dioxane 100 6 100 96 
a
Reactions performed on 0.5 mmol scale. 
b
Determined by GC analysis. 
c
Yield of 
11b determined by GC analysis. 
d
Average of 3 experiments. 
e
5.0 mol % catalyst 
used. 
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2.3.3. Preparative Allylations with Na
+
7
−
 and Substituted Aromatic Bromides 
The scope of the allylation reaction was next evaluated with a wide range of substrates 
(Table 3). Aryl bromides bearing electron-donating groups such as NMe2 and OMe underwent 
allylation readily under the optimized conditions to provide good yields of the isolated, purified 
products (entries 1-5 and 10). Electronically neutral aryl bromides cross-coupled well using these 
conditions (entries 6, 8, and 9) and silicon protecting groups were left intact (entry 7). The 
sterically demanding 2-bromomesitylene could be allylated in good yield, although 5.0 equiv of 
silanolate, Ph3PO (1.0 equiv/Pd), and elevated temperature (100 °C) were required to effect 
complete conversion (entry 11). 
 
2.3.4. Identification of Allylic Isomerization with Aromatic Bromides Bearing Electron-
Withdrawing Groups 
The substrate survey showed that electron-rich and electron-neutral, 2-, 3-, and 4-
substituted aryl bromides reacted well under optimized conditions, whereas electron deficient 
aryl bromides were less useful. Activated aryl bromides bearing cyano, trifluoromethyl, 
carboxylate, and ketone functional groups were consumed under the reaction conditions yet did 
not provide any discernable products (GC/MS). After evaluating many activated aryl bromides, it 
was found that 4-bromobenzophenone (10m) afforded one major product under the optimized 
conditions. However, that product was 1-(E)-propenyl ketone (E)-5m which arose from 
isomerization of the allyl unit (Scheme 13). The isomerization to (E)-5m was likely a post facto 
Brønsted-base mediated process. To test this hypothesis, 4-allylbenzophenone (11m)
52
 and 
Na
+
7
−
 (1.0 equiv) were combined in deuterated THF and the progress of the reaction was 
monitored by 
1
H NMR spectroscopy. After 3 h at 25 °C isomerization was not observed,  
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Table 3. Preparative Allylations of Substituted Aryl Bromides
a
 
Si
O

Na

Me Me Br
+
APC
(2.5 mol %)
DME, 85 °C
entry
1
2c
3
4
5
6
7
8
9
10
11d
product time, h
3
3
12
7
12
9
4
9
2
6
7
yieldb, %
80
82
78
84
73
74
86
71
85
95
80
10, 1.0 equivNa
7, 2.5 equiv
R R
MeO
OMe
Me2N
NMe2
t -Bu
OTES
MeO
11
11b
11e
11f
11g
11h
11i
11j
11a
11k
11l
Me
MeMe
 
a
Reactions performed on 1.0 mmol scale. 
b
Yields of isolated 
products. 
c
3.0 equiv of Na
+
7
−
 were used. 
d
Dioxane at 100 
°C, 1.0 equiv/Pd of Ph3PO and 5.0 equiv of Na
+
7
−
 were 
used. 
 
Scheme 13 
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76%
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+
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O
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however after an additional 13 h at 50 °C a 50:50 mixture of 11m and the conjugated double 
bond isomer (E)-5m were observed (Scheme 14). 
 
Scheme 14 
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2.3.5. Reaction Optimization to Eliminate Allylic Isomerization 
The incompatibility of a whole class of substrates under the previously developed 
reaction conditions represented a significant limitation of the allylation method. The problem 
was identified as base-sensitivity of allylarene products substituted with electron-withdrawing 
groups. A number of experiments were conducted to suppress allylic isomerization by reducing 
the basicity of the reaction conditions. First, an electron-rich phosphine ligand (SPhos) was 
added to the reaction mixture to promote oxidative addition of the palladium catalyst at lower 
temperatures. The loading of the basic reagent was also lowered from 2.5 equiv to 1.1 equiv 
relative to the limiting reagent 4-bromobenzophenone. These variables were then held constant 
and the effect of silanolate counter ion, solvent, and temperature were investigated (Table 1). 
Gratifyingly, at a reaction temperature of 40 °C the previously undetectable allyl product was 
observed as the minor product isomer. The use of a less basic silanolate salt (Li
+
7
−
) produced 
some product isomerization at incomplete conversion of the electrophile. Reaction solvent had 
the most pronounced effect on the reaction conversion and isomerization of the product (entries 
1, 4 and 5). Finally, mild heating at 40 °C in toluene effected complete conversion and no 
detectable isomerization after 12 h. 
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The reaction was repeated on 1 mmol scale to validate the result of the small scale 
experiment. The desired product 11m was isolated from the preparative scale reaction in 84% 
yield and analysis of the 
1
H NMR spectra provided no evidence for allylic isomerization 
(Scheme 15). 
 
Table 4. Optimization to Eliminate Allylic Isomerization
a
 
Si
Me Me
O

M
 +
X
Ph
O
APC (2.5%)
SPhos (5%)
solvent, temp., 12 h
Ph
O
Ph
O
Me
+
sm, 0.1 mmol 11m (E)-5m
M7
1.1 equiv  
entry M X solvent temp., °C sm/11m/(E)-5m
b
 
1 Na Br DME 40 0:28:72 
2 Na Cl DME 40 72:27:1 
3 Li Br DME 40 11:81:8 
4 Na Br THF 40 56:34:10 
5 Na Br toluene 60 0:86:14 
6 Na Br toluene 40 0:100:0 
a
Reactions performed on 0.1 mmol. 
b
Ratio of integrated GC 
peaks. 
 
Scheme 15 
Si
Me Me
ONa +
Br
Ph
O
APC (2.5%)
S-Phos (5%)
toluene, 40 °C, 18 h
84%
Ph
O
Na
7
1.1 equiv 11m10m  
 
Experiments to determine the substrate generality under the modified cross-coupling 
conditions were conducted. The results of these small scale preliminary experiments are shown 
in Scheme 16. High reaction conversion was observed for substrates bearing electron-
withdrawing groups such as trifluoromethyl (10b) and ester (10m) moieties. Neutral aromatic 
bromides (10c and 10j) also reach high conversions under these conditions. Noteworthy are that 
unactivated aryl bromides with appended electron-donating groups (10b) cross-couple under 
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these conditions. Importantly, no product isomerization was detected for substrates bearing 
electron-withdrawing groups. 
 
Scheme 16
a,b,c
 
Si
Me Me
O

Na
 +
Br
APC (2.5%)
SPhos (5%)
toluene, 40 °C, 24 h
Na7
1.1 equiv
R R
F3C
11n
92% conversion
11j
100% conversion
11c
95% conversion
Me
11b
88% conversion
MeO
O
t-BuO
11m
100% conversion
 
a
Reaction performed on 0.1 mmol scale. 
b
Conversion determined by 
comparison of integrated GC peaks. 
c
Isomeric identity of 11n 
confirmed by 
1
H NMR analysis of the chromatographed product. 
 
2.4. Discussion 
2.4.1. Ligand-Less Reaction Conditions 
The primary aim of this work was to develop a palladium-catalyzed cross-coupling 
reaction using isolated alkali metal allylic silanolates. To this end, sodium 
allyldimethylsilanolate was prepared and studied as an organometallic donor. This reagents was 
found to be readily prepared, stable, easily handled, and more importantly, competent in 
palladium-catalyzed cross-coupling reactions. The initially developed, “ligand-less” reaction 
conditions (Na
+
7
−
 (2.5 equiv), APC (2.5 mol %), DME (0.5 M) at 85 °C) were successfully 
applied to electron-rich and electron-neutral aryl bromides. These optimized conditions could be 
successfully modified to accommodate highly sterically demanding substrates such as the 2,6-
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disubstituted 10l, which using the standard optimized conditions provided very long reaction 
times (>40 h) and low yields of the desired product. Nucleophile degradation over the long 
reaction time was believed to be the main problem with this reaction. This issue was readily 
overcome by increasing the silanolate stoichiometry, temperature (100 °C in dioxane), and the 
addition of a stabilizing ligand (Ph3PO). 
However, electron-deficient aryl bromides were problematic. In these reactions, the aryl 
bromide was consumed but no major products were observed. The products of these reactions 
contain doubly activated protons that are both allylic and benzylic. Moreover, when the aromatic 
ring is substituted with an electron-withdrawing group the acidity of these protons is increased 
and Brønsted base mediated allylic isomerization was observed. While a preformed silanolate 
eliminated the necessity of a strongly basic Brønsted base activator and allowed for successful 
coupling of electronically neutral aryl bromides, Na
+
7
−
 is still a basic reagent. The kinetic 
basicity of Na
+
7
−
 could potentially be attenuated by the use of other more covalently bound 
alkali metal silanolate salts (Li), but this was found to diminish the nucleophilicity of the 
silanolate and hinder the necessary displacement step of the catalytic cycle.
53
 
 
2.4.2. Modified Reaction Conditions 
Several modifications to the reaction conditions were successfully used to attenuate the 
basicity of Na
+
7
−
 and allow for successful coupling. First, an electron-rich ligand (SPhos) was 
added to the reaction to allow for oxidative addition into the C–Br bond (81 kcal/mol, Ph–Br) at 
a lower reaction temperature. This allowed the temperature of the reaction to be reduced from 85 
°C down to 40 °C. Next, the reaction solvent was changed from the polar solvent DME (polarity 
index = 4.3)
54
 to a less polar solvent toluene (polarity index = 2.4).
54
 This change decreases the 
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solvation of the sodium cation and lowers the basicity of the silanolate anion. Third, the loading 
of Na
+
7
−
 was reduced. The cross-coupling reaction is the most basic at the beginning. The 
reaction becomes less basic with each turnover because the silanolate is transformed into the 
sparingly soluble, weak base Na
+
Br
−
 and various electron-neutral polysiloxanes (Scheme 17). In 
concert, the above modifications to the reaction conditions provide a less basic reaction mixture 
which allowed for the clean cross-coupling of Na
+
7
−
 with aromatic bromides bearing electron-
withdrawing groups. 
 
Scheme 17 
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2.5. Conclusion and Outlook 
Sodium 2-propenyldimethylsilanolate is a stable, isolable solid that undergoes facile 
cross-coupling with aryl bromides under palladium catalysis. Unsubstituted allylic arenes can be 
readily prepared via palladium-catalyzed cross-coupling of sodium allyldimethylsilanolate with 
aromatic bromides. Under the initially developed ligand-less conditions (APC, DME, 85 °C), 
electron-neutral and electron-rich aromatic bromides undergo cross-coupling in high yield, 
although electron-poor substrates were problematic. Modified reaction conditions (SPhos, 
toluene, 40 °C) provided increased substrate scope and eliminated allylic isomerization with 
electron-poor substrates. The constitutional purity of the products is noteworthy because other 
allylations commonly produce isomeric mixtures that are difficult to separate.
18,30
 The ease of 
synthesis of Na
+
7
−
, nontoxic polysiloxane waste stream, and the high yield of isomerically 
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homogeneous products associated with this method should find widespread application to the 
synthesis of allylic arenes. 
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Chapter 3. -Selective Palladium-Catalyzed Cross-Coupling of -
Substituted Allylic Silanolate Salts with Aromatic Bromides Using 
-Acidic Olefin Ligands 
 
3.1. Introduction 
The -selective cross-coupling of -substituted allylic organometallic donors provides 
direct access to -methyl allylic arenes. These products can serve as synthetic intermediates to 
the widely used nonsteroidal anti-inflammatory drugs ibuprofen
55
 and naproxen
56
 (Scheme 18). 
This example nicely showcases the power of the palladium-catalyzed cross-coupling reaction of 
allylic organometallic donors in that a C–C bond is formed, a stereogenic center is created, and a 
synthetic handle is installed all in a single synthetic step from an inexpensive aromatic bromide 
precursor (10p, $2.1/g, Matrix Scientific; 10k, $3.6/g, Alfa-Aesar). 
 
Scheme 18 
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However, the cross-coupling reaction of unsymmetrically substituted allylic 
organometallic donors adds an additional level of complexity to the reaction. These couplings 
can produce an isomeric mixture of products: a branched, -coupled product along with linear, -
coupled products as E and Z isomers (Scheme 19). Therefore, the -substituent can be used as a 
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marker to determine the constitutional course of the reaction by revealing on which carbon atom 
bond formation occurred. Moreover, the mechanism of transmetalation, whether SE or SE’, can 
be determined by analysis of the reaction products from the coupling of configurationally 
homogeneous -substituted organometallic donor.  
 
Scheme 19 
R M + aryl X
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R
aryl aryl
R
aryl R
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Practical allylation methods with -substituted allylic organometallic donors require 
selective product formation because the product isomers can be difficult to separate. Ligands can 
have marked effect on the site-selectivity of coupling.
28,34
 Traditionally, ligands with large bite-
angles (dppb,n 91 °, or D-t-BFP,n 96 °),
36
 are successfully employed for the -selective 
coupling of 2-butenyltrifluosilanes
33
 and potassium 2-butenyltrifluoroborates.
28
 Reactions that 
selectively produce the -coupled product are more limited.21,34 The increased attention paid to 
the -selective coupling may be a result of the stereogenic center created in the -coupled 
product. 
 
3.2. Research Objectives 
The substituted allylic silanolate sodium 2-butenyldimethylsilanolate Na
+
15
−
 was 
prepared to study the reactivity and site-selectivity of the -substituted allylic silanolate in 
palladium-catalyzed cross-coupling reactions. The reagent was first prepared and studied as an 
80:20 E/Z mixture of olefin isomers. Extensive ligand evaluation was used to develop a -
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selective cross-coupling reaction. After reaction conditions that provided -selective coupling 
were found, configurationally homogeneous allylic silanolates were used to determine the 
mechanism of transmetalation (SE’ or SE) of these novel reagents. 
 
3.3. Results 
3.3.1. Preparation of Sodium 2-Butenyldimethylsilanolate (Na
+
15
−
) 
The synthesis of Na
+
15
−
 began by reaction of commercially available 1-chloro-2-butene 
(E/Z, 80:20) with trichlorosilane using copper(I) chloride as the catalyst to produce 2-
butenyltrichlorosilane 13 in 88% yield (Scheme 20).
57
 Trichlorosilane 13 could then be 
converted to 2-butenyldimethylchlorosilane (14) by addition of 2.0 equiv of methyllithium. 
Buffered hydrolysis of 14 then provided 2-butenyldimethylsilanol 15.
49
 The purified silanol 15 
rapidly dimerized to the corresponding disiloxane upon concentration. Therefore, an ethereal 
solution of the silanol obtained after silica gel chromatography was treated directly with sodium 
hydride to afford the sodium 2-butenyldimethylsilanolate (Na
+
15
−
) in 81% yield over two 
steps.
58
 Olefin isomerization was not observed over the synthetic sequence as the white, free-
flowing powder Na
+
15
−
 consisted of an 80:20, E/Z mixture of isomers. 
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3.3.2. Initial Cross-Coupling of Na
+
15
− 
with 1-Bromonaphthalene 
Initial attempts at cross-coupling Na
+
15
−
 were performed under the optimized conditions 
for allylation with 1-bromonaphthalene (see Chapter 2).
59
 Both - and -products of this cross-
coupling reaction have been well characterized.
32a,60
 The combination of Na
+
15
−
 (2.5 equiv) with 
10a using APC as the catalyst in DME at 85 °C produced an inseparable 50:50 mixture of the - 
and -coupled products in 58% yield (Scheme 7). Although Na+15− cross-coupled in good yield, 
the lack of site-selectivity stimulated a systematic optimization to obtain one of the isomers in 
high constitutional purity. 
 
Scheme 21 
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3.3.3. Catalyst and Ligand Optimization toward the -Selective Cross-Coupling of Na+15− with 
1-Bromonaphthalene 
In view of the known effects of ligands on the site-selectivity of palladium-catalyzed 
allylation reaction,
21,28,33
 an initial survey of ligands was undertaken (Table 5). In a coupling 
performed in the absence of a ligand, a slight preference for the -coupled product was observed 
(entry 1). Next, a variety of mono- (entries 2 and 3) and bidentate (entries 5–8) phosphine 
ligands was evaluated, as well as the more weakly coordinating triphenylarsine (entry 4). Unlike 
the large differences in site-selectivity observed between triphenylphosphine and 1,3-
bis(diphenylphosphino)propane in other palladium-catalyzed crotylation reactions,
28,33
 these 
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ligands had little effect on the site-selectivity of the coupling (entries 2 and 5). Only small 
variations in site-selectivity were seen with other bidentate phosphine ligands (entries 6–8). Of 
the phosphines evaluated under these conditions, Ph3P provided the highest, albeit modest, 
selectivity (entry 2) and was chosen for further optimization. 
 
Table 5. Effect of Ligand on Crotylation of 1-Bromonaphthalene
a 
Si
ONa
Me Me
+
ligand
(equiv/Pd)
APC
(2.5 mol %)
DME
85 °C, 3 h
Na15
1.0 equiv
-1a
Me
Br
Me
10a -1a
Me
+
 
entry ligand ligand, equiv/Pd conversion
b
, % (/)b 
1
c
 none N/A 82 1.3:1 
2 Ph3P 10 58 1.7:1 
3 Cy3P 5 62 1.1:1 
4
c
 Ph3As 10 100 1.5:1 
5 dppp 5 53 1.4:1 
6 dppf 5 73 1.4:1 
7 BINAP 2.5 85 1:1.1 
8 Josiphos 2.5 82 1:1.1 
a
Reactions performed on 0.25 mmol scale. 
b
Ratio of integrated 
GC peaks. 
c
Average of 2 experiments. 
 
A study of palladium catalysts was prompted by the modest effects of ligand on the site 
selectivity of the coupling. A broad range of palladium sources of varying oxidation states with 
halide, acetate, phosphine, carbene, and olefinic ligands was then tested (Table 6). Although no 
reaction was observed with PdCl2 (entry 1), PdBr2 and Pd(OAc)2 provided low site-selectivity 
(entries 2 and 3). Catalysts containing the electron-rich, sterically bulky tri-t-butylphosphine 
ligand (palladacycle
61
 16 and (t-Bu3P)2Pd) were examined, and the former resulted in improved 
-selectivity compared to the latter (entries 4 and 5). Poor site-selectivity was seen with the 
carbene-ligated PEPPSI catalyst
62
 (entry 5). Most notable were the selectivities observed with 
the olefin ligated palladium(0) catalysts Pd2(dba)
3
 and Pd(dba)2, wherein, increasing the ratio of 
the olefin ligand to palladium increased the -selectivity (entries 7 and 8). Moreover, removing 
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the phosphine ligand from the reaction considerably increased the site-selectivity to 10:1 (entry 
9). 
 
Table 6. Effect of Palladium Source on Crotylation of 1-Bromonaphthalene
a
 
Si
ONa
Me Me
+
[Pd]
(5 mol %)
ligand
(2 equiv/Pd)
toluene
70 °C, 6 hNa
15
1.0 equiv
-1a
Me
Br
Me
10a -1a
Me
+
 
entry [Pd] ligand conversion
b
, % (/)b 
1
c
 PdCl2 Ph3P 0 N/A 
2
c
 PdBr2 Ph3P 12 2.1:1 
3 Pd(OAc)2 Ph3P 58 2.5:1 
4 (t-Bu3P)Pd none 59 2.3:1 
5 16 none 100 4.7:1 
6 PEPPSI none 40 1.5:1 
7 Pd2(dba)3 Ph3P 57 3.9:1 
8 Pd(dba)2 Ph3P 59 5.0:1 
9 Pd(dba)2 none 47 10:1 
a
Reactions performed on 0.25 mmol scale. 
b
Ratio of 
integrated GC peaks. 
c
At 20 h. 
 
Chart 1. Catalysts used in Table 6. 
NN
Pd
N
Cl
R
R R
R
PEPPSI
(R= i-Pr)
Cl Cl
(t-Bu)3PPd PdP(t-Bu)3
Cl
Me
16
 
 
The increased site-selectivity provided by Pd(dba)2 prompted further investigation. A 
variety of ligands were examined to understand and improve the -selectivity provided by 
Pd(dba)2 (Table 7). The weakly coordinating ligand Ph3As provided a good yield of coupling 
products, albeit with low site-selectivity (entry 1). Increased -selectivity was observed using the 
electron-rich alkyl phosphine Cy3P (Table 7, entry 2). Very slow conversion of 10a was 
31 
 
observed when 2.0 equiv/Pd of the sterically demanding (2-tol)3P was used (entry 3). The 
reaction using the P-,O-chelating bidentate bis(diphenylphosphino)propane mono-oxide (dpppO) 
ligand provided good conversion of 10a but a low yield and selectivity for formation of -1a 
(entry 4). Reactions carried out with Buchwald-type ligands provided low yields and selectivities 
of -1a (entries 5–7). Interestingly, 1-naphthol 17 was observed as the major product when the 
sterically demanding ligand 2-(di-t-butylphosphino)biphenyl was used. When this reaction was 
scaled to 1.0 mmol and 2.0 equiv Na
+
15
−
 was used, a 56% yield of 17 was obtained (Scheme 
22). 
 
Scheme 22 
Si
O

Na

Me Me
+
Pd(dba)2
(5.0 mol %)
t-Bu2(2-biphenyl)P
(10 mol %)
toluene
70 °C, 6 h
56%Na15
2.0 equiv
17
Me
Br OH
10a
 
 
However, the most striking result in this study was the effect of added olefinic ligands. 
Whereas the addition of 1,5-cyclooctadiene (cod) maintained a similar selectivity to that 
observed previously without added ligand (compare Table 7, entry 8 and Table 6, entry 9), an 
additional 2.0 equiv of dba (per Pd) further increased the site-selectivity to highly favor the -
coupled product by 16:1 (Table 7, entry 9). 
Olefinic ligands are known to have a variety effects on transition metal-catalyzed 
reactions.
63
 The most important in the context of this reaction is an increased rate of reductive 
elimination attributed to the -acidity of the ligand.64 To this end, a variety of olefinic ligands 
with a range of electronic and steric attributes were examined (Table 8). The use of -acidic  
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Table 7. Effect of Ligand on Crotylation Using Pd(dba)2
a
 
Si
ONa
Me Me
+
Pd(dba)2
(5 mol %)
ligand
(equiv/Pd)
toluene
70 °C, 6 h
Na15
1.0 equiv
-1a
Me
Br
Me
10a -1a
Me
+
 
entry ligand ligand, equiv/Pd conversion
b
, % yield -1ac, % (/)d 
1 Ph3As 4.0 75 40 2.0:1 
2
e
 Cy3P 1.0 47 16 6.3:1 
3
e
 o-tol3P 2.0 21 trace N/A 
4 dpppO 1.0 81 25 1.7:1 
5
f,g
 t-Bu2(2-biphenyl)P 2.0 55 trace N/A 
6
e
 18
f
 2.0 70 20 3.3:1 
7 19
g
 1.0 29 14 2.2:1 
8 cod 2.0 90 30 9.5:1 
9 dba 2.0 77 40 16:1 
a
Reactions performed on 0.25 mmol scale. 
b
Conversion of 10a determined by GC analysis. 
c
Yield determined by GC analysis. 
d
Ratio of integrated GC peaks. 
e
At 20 h. 
f
At 3 h. 
g
Major 
product was 17 (15% at 3 h, 3% at 6 h). e18 = 2’,6’dimethoxy[1,1’-biphenyl]-2-
yldiphenylphosphine. 
f
19 = diphenyl[2’,4’,6’-tris(1-methylethyl)[1,1’-biphenyl]2-
yl]phosphine. 
 
1,4-benzoquinone provided good selectivity albeit in low yields of -1a (entries 2–4). 1,4-
Benzoquinone is known
65
 to oxidize palladium(0) to palladium(II) which under these conditions 
cannot re-enter the catalytic cycle. Norbornadiene (nbd) provided good site-selectivity (at low 
yield), but was seen to inhibit the reaction at loadings greater than 2.0 equiv/Pd (entries 5–7). 
The electron-rich, tetramethylethylene and the electron-poor maleic anhydride gave similar 
conversions and yields, yet the electron-deficient olefin provided higher -selectivity (entries 9 
and 11). Decreased selectivity was observed when diallyl carbonate was added to the reaction 
(entry 12). However when diallyl ether was used, good -selectivity was observed at increased 
loadings, 4.0 equiv/Pd, but at the cost of decreased reactivity (entries 13 and 14). 
To separate the site-selectivity contribution of the dba ligand of Pd(dba)2 from the affects 
of added ligands, the palladium source was changed to APC, which can generate ligandless 
palladium(0) after reduction by a silanolate nucleophile.
66
 A variety of olefinic ligands along 
with -acidic phosphine ligands were surveyed in combination with APC in the same solvent and 
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Table 8. Effect of Olefin Ligand on Crotylation Using Pd(dba)2
a 
Si
ONa
Me Me
+
Pd(dba)2
(5 mol %)
ligand
(equiv/Pd)
toluene
70 °C, 3 h
Na15
1.0 equiv
-1a
Me
Br
Me
10a -1a
Me
+
 
entry ligand ligand, equiv/Pd conversion
b
, % yield -1ac, % ()d 
1 none N/A 45 21 11:1 
2 1,4-benzoquinone 2.0 72 32 9.1:1 
3 1,4-benzoquinone 4.0 28 18 19:1 
4 1,4-benzoquinone 8.0 13 11 61:1 
5 norbornadiene 1.0 74 31 13:1 
6 norbornadiene 2.0 28 8 15:1 
7 norbornadiene 4.0 7 trace N/A 
8 norbornylene 6.0 50 25 9.6:1 
9 tetramethylethylene 4.0 41 18 6.5:1 
10 dicyclopentadiene 2.0 18 6 8.9:1 
11 maleic anhydride 6.0 41 18 10:1 
12 diallylcarbonate 2.0 69 35 7.0:1 
13
e
 diallyl ether 2.0 29 8 6.6:1 
14
e
 diallyl ether 4.0 28 12 19:1 
a
Reactions performed on 0.25 mmol scale. 
b
Conversion of 10a determined by GC 
analysis. 
c
Yield determined by GC analysis. 
d
Ratio of integrated GC peaks. 
e
2.0 equiv 
silanolate used. 
 
temperature. Slightly lower -selectivity was observed for APC with 20 mol % of dba (i.e. 4.0 
equiv dba/Pd) and Pd(dba)2 alone (compare Table 9, entry 1 and Table 8, entry 1). Derivatives of 
dba
67
 with appended electron-withdrawing groups provided higher site-selectivity than those 
with electron-donating groups (Table 9, entries 5 and 6). Low selectivity and decreased 
conversion was seen with cod when the loading was increased to 8.0 equiv/Pd (Table 9, entries 7 
and 8). The use of 4,4-dimethylcyclohexadienone (20)
68
 resulted in low site-selectivity (entry 
15). The -acidic phosphorus containing ligands69 (MeO)3P, (PhO)3P, and (N-pyrrolyl)3P gave 
varying selectivity; (PhO)3P gave the highest selectivity of any phosphorus-containing ligand 
used (entry 13). With APC, only the electron-poor olefins diallyl ether, dba (and its derivatives), 
and the -acidic triphenylphosphite provided site-selectivities greater than 5:1 (entries 1–6, 11, 
13). Moreover, in general, increasing the dba loading increased the rate, yield, and site-
selectivity of the reaction (entries 1–4). 
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Table 9. Effect of Olefin Ligand on Crotylation Using APC
a
 
Si
ONa
Me Me
+
APC
(2.5 mol %)
ligand
(equiv/Pd)
toluene
70 °C, 3 hNa
15
1.0 equiv
-1a
Me
Br
Me
10a -1a
Me
+
 
entry ligand ligand, equiv/Pd conversion
b
, % yield -1ac, % (/)d 
1 dba 4.0 64 31 7.9:1 
2 dba 6.0 71 28 9.4:1 
3 dba 8.0 80 32 12:1 
4 dba 10 85 45 18:1 
5 20
f
 4.0 72 30 5.1:1 
6 21
g
 4.0 61 26 12:1 
7 cod 4.0 80 14 1.3:1 
8 cod 8.0 54 20 3.8:1 
9 norbornadiene 1.0 92 28 2.0:1 
10 norbornadiene 2.0 20 trace N/A 
11 diallyl ether 4.0 59 18 6.2:1 
12
e
 (MeO)3P 4.0 100 51 3.6:1 
13
e
 (PhO)3P 4.0 100 25 6.0:1 
14
e
 (N-pyrrolyl)3P 2.0 100 39 3.4:1 
15
e
 22 4.0 45 16 1.2:1 
a
Reactions performed on 0.25 mmol scale. bConversion of 18 
determined by GC analysis. 
c
Yield determined by GC analysis. 
d
Ratio of integrated GC peaks. 
e
2.0 equiv silanolate used. 
f
20 = 
bis(4-methoxybenzylidene)acetone. 
g
21 = bis(4-trifluoromethyl-
benzylidene)acetone. 
 
3.3.4. Final Optimization of Na
+
15
− 
Stoichiometry 
The final stage of optimization involved adjustment of silanolate stoichiometry. This 
parameter was evaluated using Pd(dba)2 (5 mol %) and additional dba ligand (4.0 equiv/Pd, see 
previous section) in toluene at 70 °C (Table 10). With 1.0 equiv of silanolate the reaction was 
only 49% complete at 3 h, whereas by increasing the equiv of silanolate to 1.5 equiv, the 
conversion increased to 85% (entries 1 and 2). Increasing to 2.0 equiv of silanolate did not 
change the amount of 10a consumed but did increase the yield of the desired product from 44% 
to 54% (entries 2 and 3). Since using more than 2.0 equiv of silanolate did not affect the reaction 
significantly (entries 5 and 6), 2.0 equiv of silanolate was chosen to evaluate substrate scope. 
 
22
Me
Me
O
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Table 10. Effect of Silanolate Loading on Crotylation of 1-Bromonaphthalene
a
 
Si
ONa
Me Me
+
Pd(dba)2
(5 mol %)
dba
(4 equiv/Pd)
toluene
70 °C, 3 h
Na15
1.0 equiv
-1a
Me
Br
Me
10a -1a
Me
+
 
entry Na
+
15
−
, equiv conversion
b
, % yield -1ac, % (/)d 
1 1.0 49 20 9.1:1 
2 1.5 85 44 14:1 
3 2.0 86 54 14:1 
4 2.5 90 53 11:1 
5 3.0 90 54 11:1 
a
Reactions performed on 0.25 mmol scale. 
b
Conversion of 10a 
determined by GC analysis. 
c
Yield determined by GC 
analysis. 
d
Ratio of integrated GC peaks. 
 
3.3.5. Preparative Cross-Coupling of Na
+
15
− 
with Substituted Aromatic Bromides 
The optimized conditions developed above (Pd(dba)2 (5 mol %), Na
+
15
−
 (2.0 equiv) in 
toluene at 70 °C) were used to evaluate substrate scope. Norbornadiene was used in these studies 
because it provided good site-selectivity in the product and conversion of the electrophile at low 
loadings (1.0 equiv/Pd) when used in conjunction with Pd(dba)2 (Table 8, entry 5). The results of 
these cross-coupling reactions with electron-neutral, electron-rich, and electron-poor aryl 
bromides bearing a variety of ortho-, meta-, and para-functional groups are compiled in Table 
11. Good yields and excellent -selectivities were observed with unhindered, electron-neutral 
aryl bromides 10q and 10j (entries 1 and 2). The reaction with electronically neutral 1-
bromonathphalene (10a) afforded the corresponding product 1a in 50% yield, which could be 
increased to 63% by using an extra 0.5 equiv of Na
+
15
−
 (entry 4). Silicon protecting groups 
including triethylsilyl (TES) and tert-butyldimethylsilyl (TBS) are unaffected by the reaction 
conditions and the desired products were isolated in high yields (entries 5 and 10). Electron-rich 
aryl bromides, 4-bromo-N,N-dimethylaniline (10f) and 4-bromoanisole (10b), provided the 
desired products in modest yield at 85 °C after 20 h (entries 8 and 10). The yields of these 
couplings could be increased by raising the temperature to 110 °C (entries 9 and 11). A protected 
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indole is compatible under these conditions and gives the desired -coupled product in good 
yield and site-selectivity (entry 11).  Although esters and unprotected aldehydes are compatible 
with these reaction conditions (entries 18 and 19) and give satisfactory results, substrates bearing 
strongly electron-withdrawing groups (compare entries 14, 15 and 16) yielded products of lower 
constitutional purity. Importantly, the product of the cross-coupling of Na
+
15
−
 and ketone 10m 
was produced without isomerization to afford 1m in 81% yield with high -selectivity (entry 17). 
Moreover, the allyl unit of linear, -coupled products did not isomerize into conjugation with the 
aromatic ring confirming the hypothesis that these products would be less prone to isomerization 
(e.g. entry 20). 
 
3.3.6. Effect of Na
+
15
− 
Olefin Geometry on Site-Selectivity of Preparative Couplings 
Because all of the foregoing coupling reactions of Na
+
15
−
 employed an 80:20, E/Z 
mixture of olefin isomers, configurationally homogeneous (E)- and (Z)-2-butenyltrichlorosilanes 
were needed to examine the reactivity and selectivity of these individual reagents. Synthesis of 
the (E)-2-butenyltrichlorosilane (E)-13 began with LiAlH4 reduction of 2-butynol to yield (E)-2-
butenol ((E)-24) in high configurational purity (Scheme 23).
70
 The alcohol (E)-24 was then 
transformed to chloride (E)-12 using hexachloroacetone and Ph3P.
71
 The chloride (E)-12 thus 
obtained was then combined with trichlorosilane in the presence of copper(I) chloride to provide 
(E)-13.  
(Z)-2-Butenyltrichlorosilane ((Z)-13) was obtained by reaction of 1,3-butadiene and 
trichlorosilane catalyzed by (Ph3P)4Pd (Scheme 24).
57
 The configurationally homogeneous 
trichlorosilanes (E)- and (Z)-13 were then separately treated with methyllithium in diethyl ether 
and the resulting monochlorosilanes were hydrolyzed, and the silanols deprotonated in a  
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Table 11. Preparative Crotylation of Substituted Aryl Bromides
a
 
Si
O-Na+
Me Me Br
+
Pd(dba)2 (5 mol %),
nbd (5 mol %)
toluene, 70 oC
entry
1
2
3
4d
5
6e
7f
8e
9f
10
11
12
product time, h
6
6
6
6
3
20
3
20
3
8
3.5
3
yieldb, %
69
80
50
63
79
33
46
36
46
76
83
69
10, 1.0 equivNa
15, 2.0 equiv
R R
Me2N
-1
Me
Me
R
-1
Me+
/c
21:1
25:1
14:1
13:1
15:1
8.5:1
7.0: 1
29:1
7.2:1
13:1
19:1g
24:1
Me
Me
Me
Me
Me
Ph
O
t -BuO
O
MeO
Me
Me
Me
Me
1j
1q
1a
1i
1f
1b
1r
1s
entry
13
14
15
16
17
18
19
20
product time, h
5
6
4
3
20
1.5
20
20
yieldb, %
67
65
65
62
81
40
67
82
TBSO
/c
12:1
3.5:1
12:1
3.4:1
14:1
14:1
25:1
1:2.5
Me
NC
F3C
Me
Me
Me
Me
Me
1u
1t
1n
1v
1m
1w
1o
1x
F3C
CF3
Me
Cl
1k
Me
N
Boc
O
O-tBu
H
O
OTES
MeO
Me
Me
 
a
Reactions performed on 1.0 mmol scale. 
b
Yields of isolated products. 
c
Determined by GC analysis of 
purified products. 
d
2.0 equiv Na
+
15
−
 used. 
e
Reaction run at 85 °C. 
f
Reaction run at 110 °C. 
g
Determined 
by 
1
H NMR analysis of purified product. 
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sequence similar to that described above. Accordingly, sodium (E)- and (Z)-2-
butenyldimethylsilanolates were produced in good yield without erosion of the configurational 
purity as determined by comparison of the diagnostic allylic signals in their 
1
H NMR spectra. 
To evaluate the reactivity and selectivity of the geometrically pure 2-butenylsilanolates, 
aryl halides were chosen that displayed a wide range of reactivity (i.e. electron-rich and electron-
poor aryl bromides). Also included in this survey were 10a, the substrate used to optimize the 
reaction, and tert-butyl 2-bromobenzoate 10x, the only substrate to yield the product arising from 
-coupling as the major isomer. The results of these studies are compiled in Table 12. 
 
Scheme 23 
Me
OH
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Scheme 24 
+ HSiCl3
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In all of the cases studied the geometrically pure (E)-Na
+
15
−
 produced a greater 
proportion of the branched, -coupled product than did the (Z)-isomer. The selectivity difference 
with 10b at elevated temperature was observed to be the most pronounced for the geometrically 
pure (E)- and (Z)-silanolates (entry 2). Interestingly, the geometry of the silanolate had very little 
impact on the site-selectivity of coupling with 10x which remained /1:2.5 regardless of the 
silanolate geometry (entry 5). 
 
Table 12. Preparative Couplings with Geometrically Pure E and Z Silanolates
a
 
Si
ONa
Me Me Br
+
Pd(dba)2
(5 mol %)
nbd (5 mol %)
toluene, 70 oC
10
1.0 equiv
(E)- or (Z)-Na15
2.0 equiv
R
-1
Me
Me
Me
R
+
R
Me
-1
 
  olefin geometry of Na

15
−
, E/Z 
  80:20 >97:3 <4:96 
entry product yield
b
, % (/)c yieldb, % (/)c yieldb, % (/)c 
1 1a 50 (14:1) 51 (25:1) 51 (13:1) 
2
d
 1b 46 (7.0:1) 46 (18:1) 59 (4.0:1) 
3 1m 81 (14:1) 79 (24:1) 82 (11:1) 
4 1v 62 (3.4:1) 74 (3.6:1) 68 (2.6:1) 
5 1x 82 (1:2.5
e
) 82 (1:2.5
f
) 79 (1:2.5
g
) 
a
Reactions performed on 1.0 mmol scale. 
b
Isolated yields. 
c
Ratio determined 
by GC analysis of purified products. 
d
Reaction run at 110 °C. 
e
E/Z, 8.3:1.
 
f
E/Z,8.4:1.
 g
E/Z,8.4:1. 
 
3.4. Discussion 
Experiments using substituted allylic silanolate Na
+
15
−
 were conducted to address the 
issue of site-selectivity. The substituted allylic silanolate Na
+
15
−
 underwent cross-coupling with 
1-bromonaphthalene to produce the - and -coupled products in nearly equal amounts under the 
optimized allylation conditions (APC, Ph3PO, and DME). Many perturbations of these initial 
conditions did not significantly change this site-selectivity including the use of ligands reported 
to impact site-selectivity with other allylic metal donors. For example, dppp which gave good 
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results in both the cross-couplings of substituted allylic trifluorosilanes and trifluoroborates gave 
a mere 1.4:1, / ratio with Na+15−.  
 
3.4.1. Bulky Phosphine Ligands 
Different phosphine ligands were investigated to improve the site-selectivity of the 
coupling. The palladacycle catalyst 16, containing 1.0 equiv t-Bu3P to palladium, increased the -
selectivity substantially, but this selectivity was still only moderate. In addition, when the 
catalyst (t-Bu3P)2Pd was used, lower site-selectivity was observed. Interestingly, the use of 
t-Bu2(2-biphenyl)P caused a dramatic change in product distribution (Scheme 25). The major 
product of the reaction was 1-naphthol (17), resulting from C–O bond formation, and only a 
trace of the C–C bond coupled products was observed. In addition, 17 was consumed over time 
when only 1.0 equiv of silanolate was used. The formation of 17 is believed to result from a 
facile reductive elimination of the palladium bound silanolate v.
72
 After cleavage of the silyl 
ether by Na
+
15
−
, 1-naphthoxide 26 and disiloxane 25 are produced, of which the former can 
reenter the catalytic cycle. It seems that t-Bu2(2-biphenyl)P was too effective in facilitating a 
facile reductive elimination and that a balance of transmetalation and reductive elimination 
would be necessary to provide C–C bond formation and avoid – interconversion. 
 
3.4.2. Effect of Dibenzylideneacetone on Site-Selectivity 
A more preparatively useful balance of transmetalation and reductive elimination was 
found with the Pd(dba)2 catalyst. Initial experiments with Pd(dba)2 included added phosphine 
ligands and somewhat masked the beneficial effect of the dba ligand. When Ph3P (2.0 equiv/Pd) 
was used only moderate -selectivity was observed. Substituting Ph3P for a more bulky alkyl 
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phosphine ligand, Cy3P (2.0 equiv/Pd), slightly increased the -selectivity of the reaction, but in 
general all added phosphine ligands diminished the -selectivity that was observed when 
Pd(dba)2 was used alone. However, without added ligand these reactions stalled before complete 
consumption of 10a. Therefore, a ligand to stabilize the catalyst was required. This ligand would 
need to be less “palladaphilic” than a phosphine as to not interfere with the -selectivity provided 
by the dba ligand.  
The use of olefinic ligands cod, nbd, as well as additional dba provided complete 
consumption of the electrophile. In addition, similar and often superior -selectivity was 
observed when these ligands were used. The electron-deficient olefin ligands 1,4-benzoquinone 
and diallyl ether were particularly beneficial to the -selectivity of the reaction. However, during 
studies using APC as catalyst only dba and its electron-deficient derivative 21 provided reactions 
with site-selectivity greater than 10:1, /. Also, increasing the stoichiometry of dba lead to 
reactions with increased conversion of the electrophile and better -selectivity. Since the use of 
added dba can complicate purification, a stabilizing ligand that could be used at low loadings 
was sought. 
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3.4.3. Effect of Norbornadiene 
At low loadings (1.0 equiv/Pd) when used in conjunction with Pd(dba)2, norbornadiene 
increased the consumption of the aryl halide while marginally increasing the site-selectivity of 
the coupling. The increased turnover of the palladium catalyst provided by the use of 
norbornadiene is not completely understood, however two scenarios in which this effect would 
manifest are proposed. Electron deficient olefins can effectively slow oxidative addition through 
-back bonding to palladium(0).73 As norbornadiene is a somewhat electron-rich olefin, when 
ligated to palladium(0) it could aid in the oxidative addition step of the catalytic cycle. Secondly, 
norbornadiene may stabilize the resting state of the catalyst allowing for increased catalyst 
turnover. Importantly, experiments using norbornadiene with APC produced very low site-
selectivity. This suggests that norbornadiene does not provide enhanced -selectivity but does 
allow for increased reactivity of the palladium catalyst.  
 
3.4.4. Substituent Effect of the Aryl Bromide on the Site-Selectivity of Cross-Coupling of Na
+
15
−
 
The electronic nature of aryl groups bound to palladium is known to affect the rate of 
reductive elimination.
74
 In the allylation reaction, this effect contributes to the site-selectivity of 
the coupling. Excellent -selectivities were observed in reactions with electron-rich aryl 
bromides, for example 4-bromoanisole (10b) or 5-bromo-N-Boc-indole (10s). However, some of 
the lowest -selectivities were seen when electron-poor aryl bromides (e.g. 1-bromo-3,5-bis-
(trifluoromethyl)benzene, 10v) were used. This electronic effect can be rationalized by either a 
more facile –isomerization of an electron-deficient palladium(II) complex, or a slower 
reductive elimination of the electron-deficient aryl groups. The latter hypothesis contradicts the 
trends observed in other aryl–alkyl reductive eliminations in which aryl groups bearing electron-
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withdrawing substituents reductively eliminate to form alkyl arenes more quickly than those with 
electron-donating substituents.
75
 It should not be overlooked that a weaker, more labile Pd–dba 
bond resulting from less -back bonding of palladium(II) bearing an electron-deficient aryl 
group would also effectively slow reductive elimination and decrease the site-selectivity of the 
coupling.  
Substituent effects not related to electronic contributions were also apparent. Aryl 
bromides bearing Lewis basic substituents affected the site-selectivity of the coupling. Lower 
than expected -selectivity was observed for the coupling of electron-rich 4-bromo-N,N-
dimethylaniline (10f). Also, very low selectivity was observed for 4-bromobenzonitrile (10u). 
These results suggest that competitive ligation of palladium by Lewis basic substituents can 
lower the site-selectivity of the reaction. The carboxyl group of t-butyl 2-bromobenzoate (10x) 
plays a significant role in the site selectivity of the coupling. As this is the only substrate in 
which an -coupled product was predominant it may provide insight into the composition of the 
species by which reductive elimination occurs. The coordination of the olefin of an allylic 
silanolate to palladium after halide displacement would effectively occupy two coordination sites 
(Scheme 26). When t-butyl 2-bromobenzoate is used, a coordinatively saturated palladium 
species vii is formed by occupation of the remaining valences on palladium by the aryl group and 
ester function.
76,77
 Thus, the dba ligand would be excluded from this complex and the -
selectivity imparted by the dba ligand would be bypassed. 
 
3.4.5. Effect of Silanolate Geometry 
Configurationally homogeneous (E)- and (Z)-2-butenyldimethylsilanolates were studied 
under the optimized reaction conditions to evaluate the effects of olefin geometry on the site- and 
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stereo-selectivity of the coupling. These studies established that the configuration of the double 
bond did in fact affect the site-selectivity of the reaction. Higher -selectivity was observed in all 
cases in which the pure (E)-silanolate was used. To explain this outcome, the immediate products 
of transmetalation must be considered (Scheme 27). For the purposes of this analysis we will 
assume an intramolecular transmetalation as we have described for alkenylsilanolates.
78
 The two 
species (xii and xiv) formed upon initial -selective transmetalation (via transition structures xi 
and xiii, respectively) are different conformers of the enantiomeric products. It is proposed that a 
more facile reductive elimination pathway is available for conformer xii to afford the -
substitution product -1 compared to that for conformer xiv. Conformer xiv experiences greater 
A1,3 strain which may facilitate – isomerization and thus leads to formation of both ent--1 and 
-substituted product -1 resulting in attenuated overall selectivity. In addition, the geometry of 
the double bond of the silanolate is not preserved in the geometry of the double bond of the -
coupled product suggesting that the -coupled product is generated after formation of a -allyl 
palladium intermediate. 
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3.4.6. Mechanistic Hypothesis 
All the results described herein can be accommodated by the mechanistic hypothesis 
presented in Figure 3. Three important features of this proposal are: (1) after oxidative addition, 
displacement of the bromide by Na
+
15
−
 forms a Si–O–Pd linkage,41b,78 (2) an SE2' 
transmetalation occurs from the palladium bound silanolate and (3) facile reductive elimination 
of the -bound palladium intermediate (xv, L = dba) affords the product -1 with high site-
selectivity. The first conclusion is supported by the observation of 1-naphthol in reactions using 
the t-Bu2(2-biphenyl)P which must arise from C–O bond formation. The second conclusion is 
corroborated by the fact that the configuration of a geometrically pure silanolate is not conserved 
in the -coupled product. Therefore, the -coupled product must be produced after generation of 
a -allylpalladium intermediate from – isomerization, and not from facile reductive 
elimination of an SE2 transmetalation. The third conclusion finds support in the low site-
selectivity observed in the absence of dba. 
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3.5. Conclusion 
Sodium 2-butenyldimethylsilanolate is a stable, isolable solid that undergoes facile cross-
coupling with aryl bromides under palladium catalysis. The use of dba-derived palladium 
catalysts was crucial to the high -selectivities observed. Increased -selectivity was observed 
using geometrically pure (E)-Na
+
15
−
. Configurational isomerization of the -coupled products 
leads to the conclusion that these reagents suffer transmetalation through an SE' process. 
Evidence supporting the Si–O–Pd linkage prior to transmetalation was discovered in the 
formation C–O bonds when bulky phosphine ligands were used. 
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Figure 3. Proposed catalytic cycle. 
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Chapter 4. Stereospecific Cross-Coupling of Enantioenriched -
Disubstituted Allylic Silanolate Salts with Aromatic Bromides 
 
4.1. Introduction 
The ability of transition metal-catalyzed cross-coupling reactions to unify carbon atoms 
at various levels of hybridization in myriad organic substrates distinguishes it from other carbon–
carbon bond forming reactions.
1
 The pair wise combinations of alkyl, alkenyl, alkynyl, aryl, 
heteroaryl and allyl organometallic donors and organic electrophiles encompass all 
hybridizations of the carbon atom (sp
3
, sp
2
, and sp). However, a vast majority of transition metal-
catalyzed cross-coupling reactions employ organic subunits of sp or sp
2
 hybridization at the 
reactive carbon and commonly do not form chiral products. Nevertheless, a multitude of 
asymmetric cross-coupling reactions for the enantioselective synthesis of chiral compounds can 
be envisioned, but the extraordinary potential of these constructs has not been realized. 
Those transformations in which a transition metal-catalyzed cross-coupling reaction 
creates a stereogenic element in the product can be classified into three general types (Figure 
4).
79,80,81
 Type 1 represents the diastereoselective coupling of chiral, enantioenriched substrates 
by internal selection.
82
 Among the reactions of this type are palladium-catalyzed nucleophilic 
allylations (Type 1–A)34,83,84,85 including those reported in this work, and formation of 
atropisomeric biaryls (Type 1–B).86 Type 2 reactions employ chiral, configurationally labile 
substrates and afford enantiomerically enriched products through external selection
82
 by a chiral 
catalyst. Examples of this type include the coupling of secondary, benzylic Grignard reagents 
(Type 2–A),79c,d and nickel-catalyzed cross-coupling of secondary alkyl bromides with 
organometallic donors based on silicon, boron, zinc, and indium (Type 2–B).87 Finally, Type 3 
couplings constitute the reactions of achiral substrates and afford chiral, enantiomerically 
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enriched products via external selection with a chiral catalyst. The majority of known 
asymmetric cross-coupling reactions fall into this category and include: the Heck reaction,
88
 
allylations of organic electrophiles with allylic organometallic donors (both Type 3–A),29,89 
arylation of enolates (Type 3–B)90 and formation of atropisomeric biaryls (Type 3–C).91  
The organization of these reactions in this manner provides a clear view of the 
stereochemical landscape and makes apparent not only the significant achievements but also the 
opportunities for development of asymmetric transition metal-catalyzed cross-coupling reactions. 
Specifically, the lack of reports on allylic cross-coupling reactions of Type 1–A and Type 3–A 
represent a deficiency and for good reason. These reactions require control over both 
constitutional site selectivity (i.e. - vs. -coupling) in addition to either diastereo- or 
enantiodifferentiation.
92
 Moreover, a study of the stereodifferentiating steps in Type 1–A 
processes would provide important insights for the development of catalytic, enantioselective 
variants of Type 3–A.  
In this context, Chapter 3 describes the development of the cross-coupling reaction of 
sodium 2-butenyldimethylsilanolate (Na
+
15
−
) with aromatic bromides to afford the chiral 
products -1 with high site-selectivity when the olefinic ligands dibenzylideneacetone (dba) and 
norbornadiene (nbd) are used.
93
 The results of these studies are interpreted in terms of a closed, 
SE’ transmetalation of the arylpalladium(II) silanolate v, followed by facile reductive elimination 
from xv facilitated by the -acidic dba ligand to afford -1 with high -selectivity. 
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Figure 4. General classification of asymmetric transition metal-catalyzed cross-coupling 
reactions. 
 
Scheme 28
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The selective formation of the chiral product -1 under the influence of dba and nbd 
naturally suggested the possibility of setting this center enantioselectively through the influence 
of chiral, olefinic ligands (i.e. a Type 3 reaction). However, the application of Na
+
15
−
 to 
asymmetric catalysis represents a significant challenge because the chiral olefin ligand must not 
only control the enantioselectivity of the coupling,
94,95
 but also the site-selectivity of C–C bond 
formation. Thus, to achieve this goal it was prudent to first establish the geometrical details of 
the (putative) stereochemistry determining transmetalation step by investigating a 
diastereoselective reaction of Type 1. This chapter describes the synthesis of enantioenriched -
substituted allylic silanolate salts and the determination of the stereochemical course of their 
cross-coupling with aromatic bromides. 
 
4.2. Background 
The stereochemical course of an analogous reaction, namely the addition of allylic silanes 
and allylic stannanes to aldehydes, has been thoroughly investigated in these and other 
laboratories.
82
 These studies established that the two stereochemically defining factors of the 
allylation reaction are: (1) the pair wise diastereoselection between the faces of the reacting 
double bonds (i.e. relative topicity), and (2) the disposition of the electrofuge (MLn) with respect 
to the attacking electrophile (SE’ process). For the allylations studied herein, only the latter 
feature is relevant (Figure 5). To determine the orientation of MLn during the electrophilic attack, 
two attributes of the product must be established: (1) the configuration of the resulting double 
bond and (2) the configuration of the newly created stereogenic center. The fundamental 
stereoelectronic requirement is that the C–MLn bond be oriented such that overlap with the 
double bond is strong (i.e. ±30˚ from perpendicular to the atomic plane). To satisfy this 
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stereoelectronic requirement and avoid A
1,3 
strain, the acyclic, allylic organometallic reagent 
prefers a conformation in which the allylic hydrogen atom eclipses the double bond as shown in 
Figure 2.
96
 The electrophile can then approach the defined half-space which contains the 
electrofuge (syn SE’) or the half-space opposite to that occupied by the electrofuge (anti SE’). 
The configurations of the new stereogenic center and carbon-carbon double bond are therefore 
dependent upon the conformation of the allylic moiety and the direction of electrophile attack 
relative to the electrofuge. For allylmetal-aldehyde addition reactions promoted by Lewis acids, 
the stereochemical course is overwhelmingly anti-SE’,
97
 though with other electrophiles in 
sterically biased systems, syn-SE’ processes are known.
98
  
 
 
Figure 5. Stereochemical control elements in SE’ reactions (CIP: E > CH=CH > R
1
). 
 
Of greater relevance to the reaction at hand, studies on the stereochemical course of 
palladium-catalyzed substitution of allylic organometallic reagents with aromatic electrophiles 
are far more scarce. In 1994, Hiyama reported that in the reaction of enantioenriched 
allyldifluorophenylsilanes with aryl triflates under palladium catalysis, two mechanisms are 
operative and depend on the fluoride source and the solvent (Scheme 29).
83a
 For example, the 
combination of (R)-27, aryl triflate 28, tris(dimethylamino)sulfonium difluorotrimethylsilicate 
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(TASF) in DMF leads to the formation of (S)-(E)-29 via an anti-SE’ pathway. However, when 
CsF and THF are used (R)-(E)-29 predominated (via a syn-SE’ pathway), albeit with attenuated 
enantiospecificity (es).
99
 These results are explained by the operation of an open mechanism 
(SE2’) for the reaction with TASF and a closed mechanism (SE’) involving a Pd–F–Si interaction 
for reaction with CsF 
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 Miyaura and Yamamoto investigated the details of the transmetalation and 
enantioselection in the cross-coupling of crotyltrifluoroborates with aromatic bromides (Scheme 
30).
89
 Hammett studies displayed a small negative -value (−0.50) for the reaction of five 
electronically-differentiated, preformed arylpalladium complexes 30 (containing bis(di-tert-
butylphosphino)ferrocene) with (E)-crotyltrifluoroborate (31). These results are interpreted to 
imply formation of a cationic palladium(II) species xviii prior to transmetalation. DFT 
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calculations suggest that this process occurs by an open SE’ process through transition state 
structure xix, because the closed transition state structure xx was slightly higher energy (+2.0 
kcal/mol) in THF. The position of the palladium electrophile relative to the orientation of the 
trifluoroborate electrofuge (syn or anti SE’) was not established. 
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 A recent communication from Oshima and Yorimitsu describes the diastereoselective 
synthesis of (arylalkenyl)silanes by retroallylation of homoallylic alcohols such as (S)-32 in the 
presence of arylpalladium halides (Scheme 31).
84
 The authors propose a closed, chair-like SE’ 
transition state structure with the C(2) methyl group oriented in a pseudo-equatorial position 
preventing unfavorable 1,3-diaxial steric interactions with the silicon substituent. However, only 
aryl bromides bearing sterically biasing ortho-substituents afforded products with high 
diastereoselectivities. 
 
4.3. Research Objectives 
The goal of the project described in this chapter was to determine the stereochemical 
course of the palladium-catalyzed cross-coupling of allylic silanolate salts with aromatic 
bromides. To this end, enantioenriched -substituted allylic silanolate salts were synthesized, 
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cross-coupled with aromatic bromides, and the stereochemical course of the cross-coupling 
reaction determined. These studies provide a refined picture of the geometric details of the 
critical transmetalation step. 
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4.4. Results 
4.4.1. Synthetic Strategy to Access Enantiomerically Enriched -Substituted Allylic Silanolate 
Salts 
A flexible synthetic route to -substituted allylic silanolate salts in enantiomerically pure 
form was required to establish the stereochemical course of their transmetalation in palladium-
catalyzed cross-coupling reactions. In anticipation of the possible challenges that could be 
encountered in this endeavor (including, but not limited to, low enantiomeric purity of the 
silanolate, low site-selectivity of the coupling, and low asymmetric induction of the coupling 
reaction), a modular route was sought in which structural variation of the -substituted silanolate 
would be facile. Specifically, the route should allow access to either geometry of the allylic 
double bond, various -substituents, and high enantiomeric purity of the products (Scheme 6). 
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Among several synthetic strategies considered, the copper-catalyzed SN2’ reaction of allylic 
carbamates
100
 with various nucleophiles was identified to meet these criteria for several reasons: 
(1) the precursor to the SN2’ reaction can be synthesized in enantiomerically pure form from 
readily available starting materials, (2) both E and Z terminally substituted allylic silanes can be 
prepared from this precursor depending upon the organometallic nucleophile used, and (3) the 
SN2’ reaction permitted a variety of -substituents to be installed with high enantiomeric purity 
at a late stage in the synthesis. However, in view of the strongly basic conditions needed to carry 
out the SN2’ reaction (organolithium base and organomagnesium nucleophile) a masked or 
protected silanol would be required. Ultimately, the silanol would be unveiled, converted to the 
sodium salt, and the stereochemical course of the cross-coupling reaction determined. 
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Figure 6. Synthetic strategy to determine the stereochemical course of transmetalation. 
 
4.4.2. Synthesis of the -Substituted Allylic Silane 
The synthesis of the -substituted allylic silane commenced with preparation of 4-
trimethylsilyl-3-butyn-2-ol (35) by double deprotonation of 3-butyn-2-ol (34) with n-
butyllithium, addition of TMSCl, and work-up with 3 M HCl to provide 35 in 90% yield 
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(Scheme 32).
101
 Lipase-catalyzed kinetic resolution of 36 provided (S)-36 in 46% yield and 
>99:1 er.
102
 The phenyl carbamate necessary for SN2’ displacement was installed by treatment of 
(S)-35 with phenyl isocyanate and 4-dimethylaminopyridine (DMAP) in hexane at room 
temperature. The TMS group, required for high selectivity in the kinetic resolution, was then 
cleaved in situ with potassium fluoride in methanol to provide (S)-36 in 94% yield. Platinum-
catalyzed hydrosilylation
103
 of (S)-36 with dimethylchlorosilane, followed by substitution of the 
chloride with potassium tert-butoxide afforded the protected vinylic silanol (S)-(E)-37 (the 
precursor to the SN2’ reaction) in 88% yield over the two-step sequence.  
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The SN2’ reaction was carried out under conditions developed by Woerpel without 
further optimization.
100d
 iso-Butylmagnesium chloride was chosen as the nucleophile because it 
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provides good yields and high geometrical purity of the allylic silane product.
100c,d
 Also, the 
steric bulk of the iso-butyl group should assure a high selectivity for the formation of an E 
double bond in the product of the cross-coupling reaction (later in the synthetic sequence) and 
thereby simplify the interpretation of the transmetalation. Thus, the SN2’ reaction was effected by 
deprotonation of the phenyl carbamate with methyllithium at −78 °C, followed by addition of 
copper iodide and i-BuMgCl to provide the protected allylic silanol (R)-(Z)-38 in good yield 
(79%), and high geometrical purity (Z/E, 94:6,) as determined by capillary gas chromatography. 
 
4.4.3. Synthesis of the -Substituted Allylic Silanolate Salt and Derivatization for Enantiomeric 
Analysis 
At this point all batches of (R)-(Z)-38 were combined for the synthesis of the silanol, 
derivatization for enantiomeric analysis, and to provide silanolate of uniform enantiomeric and 
geometrical purity for the cross-coupling reactions. The tert-butyl protecting group was readily 
removed with 0.2 M HCl to afford a 93% yield of the -substituted allylic silanol (R)-(Z)-39 
(Scheme 33).
104
 Chemical degradation of (R)-(Z)-39 provided material suitable for determination 
of enantiomeric composition and absolute configuration.
105
 This transformation was 
accomplished by diimide reduction,
106
 Tamao-Fleming oxidation,
107
 and esterification to afford 
the 3,5-dinitrobenzoate (DNB) of (S)-2-methylheptan-4-ol ((S)-40).
108
 The DNB (S)-40 was 
determined to be 94:6 er by chiral stationary phase, super critical fluid chromatography (CSP-
SFC) and the absolute configuration of the stereogenic center was assigned by comparison of 
optical rotation data.
109
 The correlation of the R configuration of 39 along with its enantiomeric 
and geometric composition is congruent with the stereochemical model proposed for the copper-
catalyzed SN2’ reaction of Grignard reagents with allylic carbamates.
100d
 The remaining silanol 
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(R)-(Z)-39 was then deprotonated with washed sodium hydride in hexane to provide Na
+ 
(R)-(Z)-
39
−
 as a stable, free-flowing, powder in 97% yield. 
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4.4.4. Optimization of the Cross-Coupling Reaction 
The cross-coupling of Na
+
(±)-(Z)-39
−110 
was first attempted using the conditions 
optimized for the reaction of sodium 2-butenyldimethylsilanolate (Na
+
15
−
) (see Chapter 3).
93
 
Thus, Na
+
(±)-(Z)-39
−
, bromobenzene, Pd(dba)2, and nbd were combined in toluene and heated to 
70 °C in a pre-heated oil bath (Table 13, entry 1). Surprisingly, these conditions provided the 
allylated product with only modest -selectivity.111 The studies described in Chapter 3 had 
established that increasing the -acidity of the olefinic ligand increased the -selectivity of the 
coupling reaction.
93
 Gratifyingly, when only 5 mol % of (4,4’-trifluoromethyl)-
dibenzylideneacetone
67,112
 21 was employed with allylpalladium chloride dimer (APC) as the 
precatalyst, an increase in -selectivity was observed (entry 2). Increasing the ligand loading to 
20 mol % (4.0 equiv/Pd) further increased the -selectivity of the reaction (entry 3). Moreover, 
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the loading of APC could be reduced to 0.5 mol % while maintaining high yield (entry 4). 
However, to preserve high -selectivity, the loading of 21 with respect to the limiting reagent 
(10z) needed to be kept at 20 mol % regardless of the palladium loading (entries 4 and 5). 
 
Table 13. Cross-Coupling Reaction Optimization
a
 
Me
Si
Me Me
O–Na+
Me
Me
Na+(±)-(Z)-39–
1.5 equiv
+
Br
Pd source
ligand
toluene, 70 °C
20 h
Me
Me
Me
10z
1.0 equiv
(E)-41z
 
i-Bu
Me
42z
+
 
entry 
Pd 
source loading, % ligand loading, % yieldb (E)-41z/42zc 
1
d
 Pd(dba)2 5.0 nbd 5.0 76 6.2:1 
2 APC 2.5 21 5.0 74 8.6:1 
3
e
 APC 2.5 21 20 75 33:1 
4 APC 0.5 21 10 70 14:1 
5 APC 0.5 21 20 84 32:1 
a
 Reactions performed on 0.25 mmol scale. 
b
 Yield of (E)-41z determined by 
GC analysis. 
c
 Peak area ratio of crude reaction mixture determined by GC 
analysis. 
d
 2.0 equiv Na+(±)-(Z)-39
−
 used. e Average of 3 experiments. 
 
4.4.5. Preparative Cross-Coupling Reactions of the -Substituted Allylic Silanolate Na+(R)-(Z)-
39
−
 
The optimized conditions for reaction of Na
+
(±)-(Z)-39
−
 [(1.5 equiv), aryl bromide 10 
(1.0 equiv), APC (0.5–2.5 mol % w.r.t. 10), and 21 (20 mol % w.r.t. 10) in toluene at 70 °C] 
were then employed in the cross-coupling of enantioenriched allylic silanolate Na
+
(R)-(Z)-39
−
 
(94:6 er) with a variety of aromatic bromides (Table 14). The substrates chosen for these 
experiments were selected to illustrate scope of compatible aryl bromides including 
unsubstituted, 2-substituted, electron-rich, electron-poor, and heteroaromatic bromides. 
Bromobenzene (10z) (entry 1), along with electron-rich (entry 5) and electron-poor (entry 7 and 
8) aryl bromides without sterically biasing substituents in the 2-position provided good yield and  
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Table 14. Preparative Cross-Couplings of Na
+
(R)-(Z)-39
−a
 
Me
Si
Me Me
O–Na+
Me
Me
Na+(R)-(Z)-39–
94:6 er
94:6 Z/E
+
Br
APC (0.5-2.5%)
21 (20 mol %)
toluene, 70 °C
Me
Me
Me
10 (R)-(E)-41
R
R
 
entry product time, h yield,
b
 % E-,c % 
1
d
 
Me
Me
Me
41z
 
24 76 98 
2
e
 
Me
Me
Me
Me
41aa
 
6 70 95 
3
 e
 
Me
Me
Me
41a
 
6 78 90 
4
 e
 
Me
Me
Me
OMe
41e
 
12 66 91 
5
 e
 
Me
Me
Me
MeO
41b
 
6 67 97 
6
 e
 
Me
Me
Me
N
Boc
41s
 
6 73 94
f
 
7
 e
 
Me
Me
Me
Cl
41t
 
6 76 92 
8
 e
 
Me
Me
Me
F3C
41n
 
6 73 87 
a
 Reactions performed on 2.0 mmol scale. 
b
 Yield of isolated 
analytically pure material. 
c
 Ratio of the E- isomer relative to E-, 
Z-, and/or Z- isomer(s) of purified products determined by GC 
analysis. 
d
 0.5 mol % APC used. 
e
 2.5 mol % APC used. 
f
 Determined 
by 
1
H NMR analysis (103:1 S/N). 
 
high isomeric purity favoring the E- coupled product (87–98% E-). Likewise, aromatic 
bromides with ortho substitution cross-coupled in good yield and isomeric purity (entries 2–4). 
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In addition, a heteroaromatic bromide cleanly coupled to afford the E- coupled product 
selectively (entry 6). 
 
4.4.6. Derivatization of Cross-Coupled Products for Enantiomeric Analysis 
The products of the preparative cross-coupling reactions required derivatization for 
determination of enantiomeric composition and absolute configuration. For this purpose, the 
allylic arenes (R)-(E)-41a,b,e,n,t,z,aa were transformed to 2-arylpropanols (S)-43 a,b,e,n,t,z,aa 
by ozonolysis followed by in situ ozonide reduction with sodium borohydride. The enantiomeric 
ratios of the 2-arylpropanols were then determined by CSP-SFC analysis. Significantly, five of 
the substrates examined were of 98:2 er (Table 15, entries 1–3, 5, and 7), and the other three 
were of ≥99:1 er (entries 4, 6, and 8). In addition, derivatization produced five 2-arylpropanols  
 
Table 15. Cross-Coupled Product Derivatization and Enantiomeric Analysis 
1. O3
DCM, -78 °C
2. NaBH4, EtOH
-78 °Crt
Me
Me
Me
(R)-(E)-41
R
Me
R
OH
(S)-43
R S
 
entry product yield,
a
 % er
b
 []D
c 
lit. []D
 
1 43a 66 98:2 −14.2 −11.7, (S)
d 
2 43aa 59 98:2 −5.32 N/A 
3 43a 72 98:2 +26.5 +19.2, (S)
e
 
4 43e 53 99:1 +5.27 −4.1, (R)
f
 
5 43b 75 98:2 −15.5 −15.4, (S)
g
 
6
h
 41s N/A >99:1 −10.9 N/A 
7 43t 47 98:2 −14.1 +13.3, (R)
i
 
8 43n 60 >99:1
j
 −10.0 N/A 
a
 Yield of isolated, purified material. 
b
 Determined by 
chiral SFC analysis of silica gel chromatographed products. 
c
 See Supporting Information for details.
 d
 Ref. 113. 
e
 Ref. 
114. 
f
 Ref. 115. 
g
 Ref. 116. 
h
 Derivatization was not 
necessary for enantiomeric analysis. 
i
 Ref. 117. 
j
 Further 
derivatization of the alcohol to a 3,5-dinitrophenylcarbamate 
was necessary for enantiomeric analysis. 
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with known optical rotations and assigned absolute configurations (entries 1, 3–5, and 7), and 
thus allowed for unambiguous assignment of the configuration of the benzylic stereogenic 
center. 
 
4.5. Discussion 
To determine the stereochemical course of the cross-coupling of allylic silanolate salts, 
enantioenriched -substituted allylic silanolate Na+(R)-(Z)-39− was synthesized and coupled with 
aromatic bromides under palladium catalysis. The starting silanol, (R)-(Z)-39, and the crotylation 
products, (R)-(E)-41a,b,e,n,t,z,aa were degraded to known materials to establish their 
enantiomeric compositions and assign their absolute configurations. These synthetic sequences 
allowed the process of diastereodifferentiation
92 
and thus enantiospecificity of the cross-coupling 
reaction to be determined. The products of the cross-coupling reaction, (R)-(E)- 
41a,b,e,f,n,t,z,aa, from enantioenriched Na
+
(R)-39
−
 were of high enantiomeric and geometrical 
purity. In addition, these compounds all possessed the same absolute configuration at the 
stereogenic center (R) and geometry of the double bond (E), suggesting a common pathway for 
the transmetalation of allylic silanolates and a direct relationship between the educt and the 
product. 
 
4.5.1. Site-Selectivity of the Cross-Coupling of Na
+
(R)-(Z)-39
−
 
The cross-coupling Na
+
(R)-(Z)-39
−
 with aromatic bromides produced the E- coupled 
isomer with high selectivity, although the quantity and number of isomeric products varied 
depending upon the aryl bromide employed. For example, very high E--selectivities were 
observed for bromobenzene (98% E-) and 4-bromoanisole (97% E-), and the lowest E--
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selectivity was observed with 4-bromobenzotrifluoride (87% E-). These results are similar to 
those previously reported wherein aryl bromides bearing electron withdrawing substituents 
afforded lower -selectivity (i.e. increased -coupling) when -acidic olefin ligands were used to 
facilitate reductive elimination.
93
 Moreover, the reaction of bromobenzene with Na
+
(R)-(Z)-39
−
 
produced only two isomers as determined by capillary GC. The minor isomer was the -coupled 
product as determined by 
1
H NMR analysis of a cross-coupling carried out under less -selective 
conditions (Pd(dba)2, nbd).
118
 Chemical degradation of the products (S)-41a,b,e,n,t,z,aa allowed 
for the removal of the -coupled isomer(s), and therefore, their presence did not complicate the 
stereochemical analysis of the -coupled products. 
 
4.5.2. Stereospecificity of the Cross-Coupling of Na
+
(R)-(Z)-39
−
 
The products of the cross-coupling reaction were degraded for determination of 
enantiomeric composition and absolute configuration. Five of the seven derivatives were known 
compounds with reported optical rotations and assigned absolute configurations. Therefore, an 
unambiguous assignment of S to the configuration of the benzylic stereogenic center of 43z, 43a, 
43e, 43b, and 43t was possible by comparison of the sign of their optical rotations.
119
 The 
enantiomeric analysis of the 2-arylpropanols and (R)-(E)-41s by CSP-SFC revealed very high 
enantioenrichment (>98:2 er). Thus, the conversion of silanolates Na
+
(R)-(Z)-39
− 
to the cross-
coupling products (R)-(E)-41 occurred with complete enantiospecificity.
99,120
 
 
4.5.3. Mechanistic Considerations 
Previous studies in these laboratories on the cross-coupling of alkenyl-
53
 and 
arylsilanolates,
121
 have led to the formulation of a mechanism which involves the formation of an 
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arylpalladium silanolate by attack of the starting silanolate salt on the arylpalladium(II)halide. 
The intermediacy of a discrete species containing an Si–O–Pd linkage has since been 
demonstrated in a number of different cross-coupling reactions.
41
 Moreover, evidence for an 
Si-O–Pd containing intermediate in the cross-coupling of allylic silanolates was also forthcoming 
during optimization of the reactions with Na
+
15
−
 described in Chapter 3.
93
 Specifically, when t-
Bu2P(2-biphenyl) was used in combination with Pd(dba)2 as the catalyst, only trace amounts of 
products resulting from carbon–carbon bond formation were observed; the major product of the 
reaction was the result of carbon–oxygen bond formation. This result is interpreted in terms of a 
direct reductive elimination of the arylpalladium(II) silanolate which precludes transmetalation.  
 
4.5.4. Stereochemical Analysis 
Four diastereomeric 1-methyl-iso-heptenyl arenes can be formed from a -selective 
coupling of Na
+
(R)-(Z)-39
−
 (Figure 7). These four products represent pair wise combinations of 
the two possible olefin geometries and the two possible configurations at the newly generated 
stereocenter which in turn are established by: (1) the reactive conformation of Na
+
(R)-(Z)-39
−
 in 
the transmetalation and (2) the stereochemical course of the SE’ process (syn or anti). Figure 7 
illustrates the consequences of these two variables operating independently. In limiting 
conformer A, the hydrogen on the stereogenic center is in the olefin plane which will lead to the 
formation of an E double bond in the product. An intramolecular transmetalation corresponds to 
a syn SE’ pathway and leads to the formation (R)-(E)-41. Alternatively, an intermolecular 
transmetalation can proceed via both syn and anti SE’ pathways to afford both (R)-(E)-41 and 
(S)-(E)-41, although the anti process is expected to be favored on the basis of extensive 
precedent (see Background section). In limiting conformer B, the iso-butyl group is synplanar to 
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the olefin which will lead to the formation of a Z double bond in the product. Application of the 
same analysis to conformer B predicts the formation of (S)-(Z)-41 from an intramolecular 
transmetalation (syn SE’), or both (S)-(Z)-41 and (R)-(Z)-41 from an intermolecular 
transmetalation, the latter arising from an anti SE’ pathway.  
 
Me
Si
Me
Me
O–Na+
Me Me
aryl Br
Pd0
Me
aryl i-Bu
Me
aryl i-Bu
Me
aryl
i-Bu
Me
aryl
i-Bu
HH
Me
Si
R
H
O
Me
Me
Pdaryl
L
Na+(R)-(Z)-39–
(R)-(E )-41 (R)-(Z)-41
(S)-(Z)-41(S)-(E)-41
Me
aryl R
(R)-(E )-41
Me
aryl
R
(R)-(Z)-41
syn SE'
Me
aryl R
(S)-(E)-41
ant i SE'
Me
aryl
R
(S)-(Z)-41
RE
RE
HH
Me R
H
Si
OPdaryl
L
Me
Me
Conformer A:
•ally lic H eclipses
the double bond
aryl
Pd
L SiMe2CH(R)CH=CHMe
O
ant i SE'
RE
syn SE'
RE
Conformer B:
•ally lic R eclipses
the double bond
 
Figure 7. Possible pathways for the transmetalation of allylic silanolates. (R = i-Bu, RE = 
reductive elimination). 
 
The results described above establish that the product from all cross-coupling reactions 
possessed the structure (R)-(E)-41 and is thus believed to arise from an intramolecular 
transmetalation via limiting conformer A through a syn SE’ process. A more detailed view of a 
transition state structure that leads to (R)-(E)-41 is illustrated in Scheme 34. Under the 
assumption that a syn SE’ pathway arises from an intramolecular transmetalation, a chair-like, 
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transition state structure can be considered. In structure xxii, the Si–O–Pd linkage controls the 
delivery of the palladium electrophile to the -terminus of the allylic silane. The palladium is 
tricoordinate and the alkene takes up the fourth coordination site in the square planar complex. 
Although a true chair is not realistically feasible, nevertheless, a critical feature is the pseudo-
equatorial orientation of the iso-butyl group which assures high selectivity in the formation of an 
E double bond in the product. In addition, the allylic methyl group is positioned orthogonal to the 
ligand plane of palladium which also avoids unfavorable steric interactions.
122
 An alternative 
transition state structure (xxiii) that also involves an intramolecular delivery of the palladium 
moiety suffers from severe 1,3-diaxal steric strain between the iso-butyl and allylic methyl 
group. This transition state structure would lead to the formation of (S)-(Z)-41, which is not 
observed. Thus, the iso-butyl group played a key role in facilitating the interpretation of the 
transmetalation step. 
 
Scheme 34
a
 
Me i-Bu
Si
O–Na+
Me Me
Pd(0), aryl–Br
aryl
Me
i-Bu
Si PdO
Me
Me
i-Bu
Me
aryl
L
H
H
aryl
Me
i-Bu
Pd
OSi
i-Bu
Me
H
H aryl
L aryl
Me i-Bu
syn SE'
xxiii
xxii
(R)-(E)-41
(S)-(Z)-41
Na+(R)-(Z)-39– (R)-(E )-41
 
a
Si denotes SiMe2 and was abbreviated for clarity. 
 
A refined catalytic cycle can now be constructed for the palladium-catalyzed cross-
coupling of allylic silanolate salts with aromatic bromides (Figure 8). The cycle begins with 
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oxidative addition of the aromatic bromide onto a palladium(0) complex. Displacement of 
bromide by the allylic silanolate Na
+
(R)-(Z)-39
−
 forms the palladium(II) silanolate xxiv. 
Transmetalation through a syn SE’ process forges a bond between the -carbon of Na
+
(R)-(Z)-39
− 
and palladium via transition structure xxii. Facile reductive elimination of the -bound palladium 
species xxv facilitated by the -acidic olefin ligand preempts – isomerization and produces 
the -coupled product (R)-(E)-41 with excellent enantio- and geometrical specificity, and 
regenerates the palladium(0) catalyst. 
 
Me
Pd0Ln
aryl Br
Ln-2Pd
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aryl
ONa+
Si
MeMe
Ln-2Pd
II
aryl
aryl
Me
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Me
Br O
Si
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II
aryl
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
xxiv
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Me
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Figure 8. Refined catalytic cycle. 
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4.6. Conclusion 
An enantioenriched, -substituted, allylic silanolate salt undergoes palladium-catalyzed 
cross-coupling with aromatic bromides with excellent stereospecificity. The transmetalation 
event proceeds through a syn SE’ mechanism in which the stereogenic center in the educt 
controls the configuration of the newly formed stereogenic center in the product. These studies 
allow the construction of a detailed model of the stereodetermining step of the coupling of allylic 
silanolate salts. In addition, the high enantioinduction of all aromatic bromides surveyed implies 
that this pathway is general for many substrate types. The combination of the crucial Si–O–Pd 
linkage and the intimate connectivity between the palladium moiety and the stereodetermining 
transmetalation event bodes well for the development of catalytic, enantioselective cross-
coupling reactions.  
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Chapter 5. Catalytic, Asymmetric Cross-Coupling of -Substituted 
Allylic Silanolate Salts with Aromatic Bromides 
 
5.1. Introduction 
The site-selective cross-coupling reaction of an unsymmetrically substituted allylic 
organometallic donor creates a new stereogenic center in the product thus opening the possibility 
of catalytic enantioselective construction of a tertiary or quaternary stereogenic center.
123
 The 
most obvious and efficient way to accomplish this objective is to use palladium-catalysts ligated 
by chiral ligands to control the absolute configuration of this center. Miyaura established this 
concept in the only report of a catalytic, asymmetric palladium-catalyzed cross-coupling reaction 
of a substituted allylic organometallic donor (Scheme 35).
29
 Miyaura employs a catalyst derived 
from Josiphos ligand 44 and palladium acetate to asymmetrically cross-couple potassium (E)-2-
butenyltrifluoroborates with various vinyl and aryl bromides. Generally, products of >88.5:11.5 
er and >5.2:1 -selectivity are obtained. However, no ortho-substituted aromatic, or 
heteroaromatic substrates are reported. 
 
Scheme 35 
Me BF3K
+
Br
R
Fe
PCy2
Me
Pt-Bu2
44, (3.6%)
Pd(OAc)2 (3%)
K2CO3 (3 equiv)
H2O/MeOH (9/1), 80 °C
R
Me
R
47–99%
>5.2:1, /
>88.5:11.5 er
2.5 equiv
 
 
A closely related process, a palladium-catalyzed enantioselective allyl–allyl cross-
coupling reaction, has been reported by Morken.
124
 This reaction uses an unsubstituted allylic 
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organometallic donor, allylB(pin), and an unsymmetrically substituted allylic carbonate 
electrophile (Scheme 36). A catalyst derived from the bidentate ligand 45 and Pd2(dba)3 provides 
good yields, high site-selectivities, and good enantioselectivities for a variety of allylic 
carbonates. The authors propose C–C bond formation by 3,3’ reductive elimination from a bis-
1-allylpalladium species. The use a chiral, bidentate ligand for successful asymmetric induction 
in both of the above examples is noteworthy. 
 
Scheme 36 
B(pin) OBoc
MeO
MeO
P
P O
O
2
2
45 (10%)
Pd2(dba)3 (5%)
THF, 60 °C, 12 h
+
72%
>20:1 branched/linear
95.5:4.5 er
1.2 equiv
 
 
5.2. Research Objectives 
The objective of this research was to develop a catalytic, asymmetric cross-coupling 
reaction of sodium 2-butenylsilanolate. To accomplish this objective requires the study of the 
asymmetric induction of different chiral ligands to the cross-coupled product. In addition to 
enantioselectivity these ligands must also provide site-selectivity of C–C bond formation. A 
potential remedy to the issue of site-selectivity is the use of chiral-acidic olefin ligands which 
should provide -selective allylations like those described in Chapters 3 and 4. However, if these 
ligands do not provide enantioinduction the search for a suitable ligand could be expanded to 
include more traditional, chiral phosphines. Moreover, phosphines allow the proximity of the 
stereogenic element of the ligand to the site of enantiodifferentiation to be maximized through 
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the use of phosphines that are stereogenic at the phosphorus atom. Finally, a systematic 
investigation of the effect of nontransferable group, silanolate geometry, and ligand 
stoichiometry on asymmetric induction, yield, and -selectivity can be used to fine tune the 
asymmetric allylation reaction. 
 
5.3. Results 
5.3.1. Survey of Enantioenriched Chiral Diene Ligands 
It had been determined from the experiments described in Chapter 3 that -acidic olefin 
ligands could provide high -selectivity in the cross-coupling of substituted allylic silanolate salts 
with aromatic bromides.
93
 Initial experiments evaluated the asymmetric induction of chiral olefin 
ligands on the coupling because the ligand must not only control the enantioselectivity of the 
reaction, but also the site-selectivity ( vs. ) of C–C bond formation when a -substituted allylic 
organometallic donor is used. However, chiral olefin ligands are rarely used in palladium-
catalyzed reactions and only one report describes the successful use of a chiral olefin ligand in an 
enantioselective palladium-catalyzed process.
125
 In this paper, moderate enantioinduction is seen 
using the bicyclo[3.3.0]octadiene ligated palladium-catalyst 46 for the cross-coupling of aryl 
organometallic donors with aromatic bromides (Scheme 37). 
 
Scheme 37 
CHO
Me
BrB(OH)2 +
aryl
arylPd
Cl Cl
extra ligand (15%)
Cs2CO3, toluene
25 °C, 12 h
CHO
Me
90%, 86.5:13.5 er
46, 5%
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A variety of chiral olefin ligands that have been successfully employed in other 
asymmetric transition metal-catalyzed reactions
63
 were evaluated under standard cross-coupling 
conditions ((E)-Na
+
15
−
 (2.0 equiv), bromobenzene (10z, 0.2 mmol), APC (1.5 mol %), and 
ligand (10 mol %) in toluene at 70 °C (Scheme 38). The enantiomeric ratios were determined by 
CSP-GC analysis with a Supelco -DEX 120 stationary phase and are reported in elution 
order.
126
 The carvone-derived bicyclo[2.2.2]octadiene ligands
127
 47, 48, and 49 evaluated the 
effect of electron-donating groups, and steric effects in the ortho- and para-positions of the aryl 
substituent. Differences in reaction conversion and yield due to variation of these substituents 
were noted, however only small variations in asymmetric induction were observed. Included in 
these studies were chiral olefin ligands with different carbon frameworks. The 
bicyclo[2.2.1]heptaene ligand 50
128
, Hayashi’s C2-symmetric bicyclo[2.2.2]octadiene ligand 
51,
129
 and bicyclo[3.3.0]hexadiene 52,
130
 all provided racemic products. Likewise, Carreira’s 
bicyclo[2.2.2]octadiene ligands
131
 53 and 54 exhibited low asymmetric induction in this reaction. 
 
5.3.2. Survey of Enantioenriched Phosphorus Ligands 
The modest site-selectivity, poor enantioselectivity, and high cost of chiral olefin ligands 
prompted an evaluation of more traditional phosphine ligands. The following sections describe 
the broad survey of phosphine ligands that was conducted to determine those ligand features that 
affected enantioselectivity and -selectivity. These studies employed (Z)-2-butenylsilanolate 
because it is more synthetically accessible in high geometrical purity and large quantity from (Z)-
2-butenyltrichlorosilane.
57
 Nontransferable ethyl groups were used to prevent possible 
nucleophilic attack at silicon
121 
and proved to be important for asymmetric induction in later  
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Scheme 38 
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Me
Me
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N/A 
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Me
Me
Me
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67% yield
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49:51 er
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Ph
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100% conv
63% yield
12:1 /
50:50 er
Me Me
Me
O
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11:1 /
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studies (vide infra). In addition, the electrophile was changed to 1-bromo-3,5-xylene (10q) to 
facilitate reaction analysis by GC (conversion, yield, and site-selectivity) and CSP-GC 
(enantiomeric ratio, Supelco -DEX 120). Thus, the standard reaction conditions of (Z)-Na+55− 
(1.5 equiv), 10q (0.1 mmol), Pd(dba)2 (5 mol %), and ligand (5 mol %) allowed to react in 
toluene at 70 °C for 18 h were used to evaluate chiral phosphine ligands as shown in Scheme 39. 
 
Scheme 39 
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5.3.3. Evaluation of Bidentate Phosphine Ligands 
In orienting experiments, commercially available, bidentate phosphine ligands were 
ineffective in cross-coupling reactions with Na
+
55
−
 (Scheme 40). Bidentate ligands containing 
phosphorus atoms separated by 2–4 carbon atoms (DIOP, BDPP, 56, 57, and DuPhos), including 
the bisphosphine mono-oxide BozPhos, led to low conversion of the aromatic bromide. 
Likewise, axially chiral ligands BINAP and 58 provided low conversion of the electrophile. 
Other axially chiral ligands (H
8
-BINAP and SegPhos) provided modest conversion but poor site-
selectivity and enantioselectivity. 
 
5.3.4. Evaluation of Chiral Monodentate Phosphine Ligands 
The poor reactivity of palladium-catalysts ligated with bidentate phosphine ligands 
prompted the evaluation of monodentate phosphine ligands (MOP) (Scheme 41).
132
 In general, 
the use of these ligands provided good conversion of the aromatic bromide. However, variation 
of the electronic properties of the diphenylphosphine moiety exerted only a small influence on 
the outcome of the reaction (ligands 59, 65, and 66). Increased steric bulk about the phosphine 
led to lower conversion of the aromatic bromide (ligands 60, and 61). However, all of these 
axially chiral monodentate ligands provided low asymmetric induction in the cross-coupling 
reaction. 
 
5.3.5. Evaluation of Phosphoramidite Ligands 
Chiral phosphoramidites were surveyed to evaluate monodentate, -acidic phosphorus 
ligands (Scheme 42).
133
 In general, all phosphoramidites led to low yield of the -coupled 
product at high conversion of aryl bromide.  
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Scheme 40 
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N/A /
N/A er
Fe
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PCy2
Me
56
3% conv
N/A -product
N/A /
N/A er
Fe
PCy2
PCy2
Me
57
1% conv
N/A -product
N/A /
N/A er
Me Me
Ph2P PPh2
BDPP
3% conv
N/A -product
N/A /
N/A er
  
 
Smaller substituents on nitrogen provided higher -selectivity (compare MonoPhos to 67–69). 
Superior enantioselectivity was provided by 67 which possessed both axial and center 
stereogenic elements.  
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Scheme 41 
Me
Si
ONa
Me Me
+
Br
Pd(dba)2 (5%)
ligand (5%)
toluene, 70 °C
18 h
Me
(Z)-Na55
1.5 equiv
Me
Me
Me
Me
0.1 mmol
OMe
PPh2
59
100% conv
75% -product
>20:1 /
46:54 er
65
100% conv
75% -product
18:1 /
47:53 er
66
100% conv
74% -product
>20:1 /
46:54 er
61
43% conv
5% -product
1:3.9 /
N/A er
OMe
P
OMe
PCy2
PPh2
62
100% conv
65% -product
6.7:1 /
51:49 er
CN
PPh2
63
100% conv
55% -product
>20:1 /
44:56 er
O
PPh2
64
100% conv
73% -product
12:1 /
45:55 er
OMe
2
OMe
P
CF3
2
NMe2
OMe
PPh2
60
37% conv
25% -product
>20:1 /
48:52 er
Ph
 
 
5.3.6. Evaluation of Lewis Basic Nitrogen Ligands 
A small set of Lewis basic nitrogen ligands were surveyed in the cross-coupling reaction 
(Scheme 43). The monodentate oxazole 70 provided modest conversion of the aromatic bromide 
but a nearly racemic product. The bidentate oxazole-phosphine hybrid (PHOX) and bishydrazone 
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71
134
 ligands performed similarly to other bidentate ligands and provided low conversion of the 
aryl bromide. 
 
Scheme 42 
Me
Si
ONa
Me Me
+
Br
Pd(dba)2 (5%)
ligand (5%)
toluene, 70 °C
18 h
Me
(Z)-Na
55
1.5 equiv
Me
Me
Me
Me
0.1 mmol
O
O
P N
Me
Me
MonoPhos
100% conv
38% -product
7.5:1 /
47:53 er
O
O
P N
Me
Ph
Ph
Me
O
O
P N
O
O
P N
67
68% conv
19% -product
1.2:1 /
61:39 er
68
100% conv
36% -product
1.2:1 /
57:43 er
69
70% conv
15% -product
1.2:1 /
48:52 er
Ph
Ph
Me
Me
Me
Me
Me
Me
Me
Me
 
 
5.3.7. Evaluation of Acyclic, Monodentate, Stereogenic at Phosphorus Ligands 
Stereogenic at phosphorus ligands were next evaluated in an effort to increase 
asymmetric induction by increased proximity of the stereogenic element of the ligand to the 
palladium center.
135
 The ligands surveyed in this class consistently contained a benzyl group, in 
addition to t-butyl and methyl groups. The electronic and steric attributes of the benzyl group 
were varied (Scheme 44).
136
 Most of the ligands in this class provided modest enantioselectivity. 
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Scheme 43 
Me
Si
ONa
Me Me
+
Br
Pd(dba)2 (5%)
ligand (5%)
toluene, 70 °C
18 h
Me
(Z)-Na55
1.5 equiv
Me
Me
Me
Me
0.1 mmol
N N NN
Ph
Ph
Ph
Ph
71
20% conv
10% -product
trace 
50:50 er
O
N
Me
70
49% conv
22% -product
>20:1 /
47:53 er
Ph
MeO
O
N
PHOX
4% conv
0% -product
N/A /
N/A er
t-Bu
Ph2P
 
 
Ligands bearing substituted benzyl groups provided higher site-selectivity (compare 72 with 73–
75). The use of the (2-phenyl)benzyl ligand 76 led to low conversion of aromatic bromide 
possibly due to cyclometalation of the benzyl group.
137
 Electronic and steric permutations of the 
3,5-substituents of the benzyl substituent had very little effect on conversion, yield, site-
selectivity, or enantioselectivity (compare 74 and 75). 
 
5.3.8. Evaluation of Cyclic, Monodentate, Stereogenic at Phosphorus Ligands 
Cyclic, monodentate, stereogenic at phosphorus ligands were next evaluated in an 
attempt to rigidify the ligand scaffold while increasing the proximity of the stereogenic element 
of the ligand with the palladium center. Benzoxaphospholes
138
 were chosen for use in these 
experiments for three reasons: (1) they are the closest structural analogues phosphine ligands 
with a Ph, Me, and t-Bu substituent (i.e. flat, small, and large group) readily accessible in high 
enantiomeric purity,
139
 (2) the cyclic oxaphosphole unit serves to rigidify the carbon backbone of 
the ligand, (3) the ligands are diversifiable near the end of the synthetic sequence.
138 
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Scheme 44 
Me
Si
ONa
Me Me
+
Br
Pd(dba)2 (5%)
ligand (5%)
toluene, 70 °C
18 h
Me
(Z)-Na55
1.5 equiv
Me
Me
Me
Me
0.1 mmol
PMe
Me
Me Me
H
PMe
Me
Me Me
H
Me
Me
Me
PMe
Me
Me Me
H
t-Bu
t-Bu
PMe
Me
Me Me
H
Ph
PMe
Me
Me Me
H
CF3
CF3
72
100% conversion
66% -product
12:1 /
64:36 er
BF4
BF4 BF4
BF4
BF4
73
32% conversion
24% -product
>20:1 /
67:33 er
74
100% conversion
65% -product
>30:1 /
63:37 er
75
100% conversion
70% -product
>30:1 /
62:38 er
76
9% conversion
4% -product
N/A /
N/A er
 
 
The data obtained from the cross-coupling reactions that employed benzooxaphosphole 
ligands showed only a small variation in the enantiomeric ratio of the product (Scheme 45).
140
 
Maximum enantioselectivity (60:40 er) was provided by SPhos-like ligand 79
141
. Interestingly, 
the size of the substituent at the 4-position had a large effect on the site-selectivity of the 
coupling and large groups (phenyl 77,
141
 naphthyl 78,
128
 and 2,6-dimethoxyphenyl 79
141
) 
provided significantly more -coupled product than those with smaller groups (H 81128, or OMe 
80
142
). 
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Scheme 45 
Me
Si
ONa
Me Me
+
Br
Pd(dba)2 (5%)
ligand (5%)
toluene, 70 °C
18 h
Me
(Z)-Na55
1.5 equiv
Me
Me
Me
Me
0.1 mmol
4
OMe
P
O
t -Bu
4
P
O
t-Bu
4
P
O
t-Bu
4
P
O
t-Bu
4
P
O
t -Bu
MeO OMe
77
100% conversion
40% -product
34:1 /
55:45 er
78
100% conversion
61% -product
>30:1 /
55:45 er
79
100% conversion
84% -product
>30:1 /
60:40 er
80
100% conversion
52% -product
4.9:1 /
50:50 er
81
100% conversion
45% -product
1.5:1 /
52:48 er
 
 
5.3.9. Evaluation of Menthol-Based, Monodentate Phosphorus Ligands 
The last class of ligands in this study contained a chiral, trisubstituted cyclohexyl unit 
derived from the natural product menthol.
143,144
 The ligands evaluated were of either 
configuration at the phosphorus bearing carbon C(1). The other two substituents on phosphorus 
were varied between phenyl residues and cyclohexyl moieties. Moderate yields of the -coupled 
products were obtained when neomenthyldiphenylphosphine (NMDPP) was used. The yield 
increased with the epimeric ligand menthyldiphenylphosphine (MDPP),
128
 and further increased 
with menthyldicyclohexylphosphine (MDCP)
128
. -Selectivity was only modestly affected by the 
configuration at C(1) in the diphenyl series. A more marked change in -selectivity was observed 
with the more bulky dicyclohexyl derivative. All menthyl-based ligands surveyed provided 
modestly enantioenriched products. 
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Scheme 46 
Me
Si
O

Na

Me Me
+
Br
Pd(dba)2 (5%)
ligand (5%)
toluene, 70 °C
18 h
Me
(Z)-Na
55
1.5 equiv
Me
Me
Me
Me
0.1 mmol
1
Me Me
Me
P
1
Me Me
Me
P
BF4
H
1
Me Me
Me
P
BF4
H
NMDPP
100% conversion
71% -product
12:1 /
36:64 er
MDPP
100% conversion
85% -product
10:1 /
27:73 er
MDCP
100% conversion
93% -product
84:1 /
36:64 er
 
 
5.3.10. Study of Olefin Geometry of Na
+
55
−
 Using NMDPP 
The olefin geometry and nontransferable group of the allylic silanolate was varied to 
improve the enantioselectivity of the coupling. The evaluation of the structural effects of the 
silanolates effects on asymmetric induction in the presence of a chiral phosphine ligand are 
compiled in Table 16. The nontransferable group had a profound effect on the enantioselectivity 
of the reaction when the (Z)-silanolate was employed (compare entries 1 and 3), however only a 
modest effect with the (E)-silanolate was observed (compare entries 2 and 4). In addition, the 
catalyst derived from NMDPP/Pd(dba)2 provided better -selectivity with (E)-silanolate
 
regardless of the nontransferable group. The correlation of olefin geometry with the absolute 
configuration of the product is consistent with the stereospecific reaction mechanism previously 
established (Chapter 4).
145
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Table 16. Effect of Allylic Silanolate Olefin Geometry Using NMDPP
a
 
R2
Si
ONa
R R
+
Br
Pd(dba)2 (5%)
NMDPP (5%)
toluene, 70 °C
18 h
Me
1.5 equiv
Me
Me
Me
Me
R1
 
entry R R
1
 R
2
 conv.,
b
 % -1q,b % /c er
d
 
1 Et H Me 100 71 12:1 36:64 
2 Et Me H 100 79 92:1 63:37 
3
e
 Me H Me 100 90 9.7:1 49:51 
4
e
 Me Me H 100 74 46:1 58:42 
a
Reactions performed on 0.1 mmol scale. 
b
Determined by GC 
analysis. 
c
GC peak area ratio of crude reaction mixture. 
d
Determined by CSP-GC analysis (Supelco -DEX 120) and 
reported in elution order. 
e
Average of 2 experiments. 
 
5.3.11. Effect of NMDPP Loading on Enantioselectivity and Site-Selectivity 
To improve the enantioselectivity of the reaction, the optimal ligand stoichiometry was 
determined. In addition, these experiments would reveal if ligand saturation was achieved at the 
previously employed stoichiometry (1:1 ligand/Pd). Ligand loadings from 5 mol % (1:1, 
NMDPP/palladium) to 40 mol % (8:1, NMDPP/palladium) were employed. Interestingly, as the 
loading of NMDPP increased the site-selectivity of the coupling decreased from 12:1 to 5.7:1 
(/) and the enantioselectivity increased from 64:36 to 75:25 (er) (entries 1–5). The use of the 
palladium precatalyst APC reduced the conversion, yield, site-selectivity, and enantioselectivity 
of the cross-coupling reaction (entry 6). Importantly, the use of the tetrafluoroboric acid salt of 
neomenthyldiphenylphosphine provided no significant difference from the use of the free base 
(entry 7). 
 
5.3.12. Effect of MDPP Loading on Enantioselectivity and Site-Selectivity 
The C(1) epimeric ligand MDPP provided higher enantioselectivity than the 
commercially available ligand NMDPP at a loading of 5 mol %. Moreover, the results of the 
evaluation of ligand stoichiometry on asymmetric induction demonstrated that increased 
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NMDPP loading provided better enantioselectivity. Therefore, the ligand stoichiometry of 
MDPP was evaluated to determine if the same correlation of ligand loading and 
enantioselectivity was conserved between the epimeric ligands (Table 18). Surprisingly, 
increased loading of MDPP provided less reaction competency (i.e. higher loadings of MDPP 
provided lower conversion, yield, and enantioselectivity) (entries 1–3). As was the case with 
NMDPP, the use of APC as a palladium precatalyst had a detrimental effect on the reaction yield 
with a more modest effect on site-selectivity and enantioselectivity (entry 4). 
 
Table 17. Effect of NMDPP Loading
a
 
Me
Si
ONa
Me Me
+
Br
Pd(dba)2 (5%)
NMDPP (loading)
toluene, 70 °C
18 h
Me
(Z)-Na
55
1.5 equiv
Me
Me
Me
Me
 
entry NMDPP, % conv.,
b
 % -1q,b % /c er
d
 
1
e
 5 100 71 12:1 36:64 
2 10 100 71 11:1 33:67 
3 15 100 67 7.0:1 27:73 
4
e
 20 100 70 6.2:1 26:64 
5 40 100 69 5.7:1 25:75 
6
f
 5 92 45 1.4:1 45:55 
7
g
 2.5 100 72 12:1 37:63 
a
Reactions performed on 0.1 mmol scale. 
b
Determined by GC 
analysis. 
c
GC peak area ratio of crude reaction mixture. 
d
Determined by CSP-GC analysis (Supelco -DEX 120) and 
reported in elution order. 
e
Average of 2 experiments. 
f
APC 
(2.5 mol %) was used. 
g
NMDPPH
+
BF4
−
 (2.5 mol %) and 
Pd(dba)2 (2.5 mol %) were used. 
 
5.3.13. Effect of MDCP Loading on Enantioselectivity and Site-Selectivity 
The large differences observed between epimeric diphenyl menthol-based ligands in the 
previous loading studies prompted evaluation MDCP loading to determine if the configuration at 
C(1) would dictate the reactivity of this ligand (Table 19).  
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Table 18. Effect of MDPP Loading
a
 
Me
Si
ONa
Me Me
+
Br
Pd(dba)2 (5%)
MDPP (loading)
toluene, 70 °C
18 h
Me
(Z)-Na
55
1.5 equiv
Me
Me
Me
Me
 
entry MDPPH, % conv.,
b
 % -1q,b % /c er
d
 
1 5 100 85 10:1 27:73 
2 10 89 75 10:1 28:72 
3 20 68 60 12:1 31:69 
4
e
 5 94 58 3.0:1 38:62 
a
Reactions performed on 0.1 mmol scale. 
b
Determined by GC 
analysis. 
c
GC peak area ratio of crude reaction mixture. 
d
Determined by CSP-GC analysis (Supelco -DEX 120) and 
reported in elution order. 
e
APC (2.5 mol %) was used.  
 
However, this Lewis basic trialkylphosphine (after neutralization by the silanolate in situ) ligand 
provided very different results compared to the two diphenyl ligands NMDPP and MDPP. 
MDCP displayed only small differences in yield, site-selectivity, and enantioselectivity at the 
different loadings of MDCP employed (entries 1–3). In addition, unlike the other menthol-based 
ligands studied, this ligand produced a catalyst that was insensitive to the identity of the 
palladium precatalyst (entry 4). 
 
Table 19. Effect of MDCP Loading
a
 
Me
Si
ONa
Me Me
+
Br
Pd(dba)2 (5%)
MDCP (loading)
toluene, 70 °C
18 h
Me
(Z)-Na
55
1.5 equiv
Me
Me
Me
Me
 
entry MDCPH, % conv.,
b
 % -1q,b % /c er
d
 
1 5 100 93 84:1 36:64 
2 10 100 96 >99:1 36:64 
3 20 100 96 >99:1 36:64 
4
e
 5 100 95 76:1 36:64 
a
Reactions performed on 0.1 mmol scale. 
b
Determined by GC 
analysis. 
c
GC peak area ratio of crude reaction mixture. 
d
Determined by CSP-GC analysis (Supelco -DEX 120) and 
reported in elution order. 
e
APC (2.5 mol %) was used.  
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5.4. Discussion 
To develop a catalytic, asymmetric cross-coupling reaction of allylic silanolate salts, a 
broad survey of chiral ligands that included mono- and bidentate phosphines, phosphoramidites, 
and olefin ligands was conducted. These studies ultimately proved the feasibility of catalytic, 
asymmetric cross-coupling of allylic silanolate salts with aromatic bromides, and produced a 
moderately enantioselective reaction. Experiments were performed to study the effect of ligand 
structure and stoichiometry, allylic silanolate olefin geometry, and palladium precatalyst. The 
data discussed below provide insight into the coordination number of palladium during 
transmetalation, and the structural effects of the silanolate and ligand on the enantioselectivity of 
the reaction. 
 
5.4.1. Effect of Denticity of Phosphine Ligand 
Bidentate phosphine ligands led to low conversion of the electrophile. This effect 
suggests the requirement of a subligated palladium species for catalytic turnover. Upon 
consideration of the steps of the catalytic cycle, an inhibitory effect of bidentate ligands on 
oxidative addition, displacement, and reductive elimination can be ruled out because these steps 
proceed normally in other related systems with similar ligands.
28,41,42
 However, the 
intramolecular SE’ transmetalation of allylic silanolates described in detail in Chapter 4 is distinct 
from other silanolates and other allylic organometallic donors. Ligand substitution reactions of 
square planar complexes commonly invoke an associative mechanism in which a trigonal 
bipyramidal transition-state structure xxx is formed.
146
 Expulsion of an equatorial ligand leads to 
formation of the new square planar complex. If an associative mechanism were operative, the 
intramolecular transmetalation of xxx should not be inhibited by a bidentate ligand because 
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dissociation of a phosphine arm is unnecessary. However, a dissociative ligand substitution in 
which a ligand must dissociate to provide a vacant coordination site for transmetalation, as 
shown in structure xxix, is consistent with the inhibitory effect observed when bidentate ligands 
are used.  
 
Scheme 47 
L Pd
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L
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5.4.2. Effect of Ligand Structure on Enantioselectivity 
Analysis of the data collected in the ligand survey revealed some general trends. Chiral 
olefin ligands proved unsatisfactory with regard to asymmetric induction. Moreover, this class of 
ligands was selected on grounds that they would provide similar site-selectivity to that obtained 
from the olefinic ligand dba. However only moderate -selectivity was imparted by the chiral 
olefin ligands examined. The lower site-selectivity provided by the olefin ligands surveyed may 
be due to the lower -acidity of these ligands relative to dba. Olefin ligands form complexes with 
metals through -donor and -acceptor bonding interactions.147 Ethylene, for example, forms a 
-bond through head-on donation of electrons from its -orbital to an unfilled d orbital of the 
metal atom (Figure 9). Additional bonding stabilization results from back bonding of a filled d 
orbital of the metal center to the *-orbital of ethylene. The effect of this back donation can be 
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maximized by appended electron-withdrawing substituents to the olefin which lower the energy 
of the *-orbital and provide a smaller energetic gap with the filled d-orbitals of the metal. Thus, 
ligands that contain olefins that are substituted with saturated carbon moieties are less -acidic 
than those substituted with conjugated electron-withdrawing groups. 
 
 
Figure 9. General olefin–transition metal bonding modes. 
 
Larger affects on reactivity and selectivity of the palladium-catalyst were observed from 
variation of phosphine ligand. As discussed previously, strongly coordinating bidentate ligands 
provided palladium catalysts of low reactivity. Phosphoramidites, a monodentate class of ligands 
known to provide high levels of asymmetric induction in transition metal-catalyzed reactions,
133
 
led to low reaction efficiency (conversion). This may arise from ligand decomposition under the 
basic reaction conditions. Design of more robust phosphoramidite derivatives may lead to 
ligands useful in this transformation. 
Monodentate trialkylphosphine ligands provided modest asymmetric induction and 
highly site-selective reactions. Specifically, ligands bearing bulkier substituents such as the 
acyclic, stereogenic at phosphorus ligand 74 and menthol-based ligand MDCP provided higher 
site-selectivity than those with less crowding about the Lewis basic phosphorus atom. In 
addition, the successful asymmetric induction of the menthol-based ligands suggest that 
stereogenicity at phosphorus may be unnecessary and a chiral substituent may be all that is 
required for asymmetric induction in this process. 
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A challenge for asymmetric, transition-metal catalysis with monodentate ligands is to 
control the orientation of the ligand by restricting rotation about the ligand–metal bond. The use 
of bidentate ligands with one hemilabile group can be a strategy used to limit the conformational 
freedom of the ligand. Ligands that incorporate a Lewis basic phosphorus atom and an appended 
dba-like ,-unsaturated ketone are shown in Chart 2. These ligands should provide the 
conformational stability of a bidentate ligand with a hemilabile group, and the positive effect of 
the -acidic olefin ligand. A variety of tether lengths between the olefin and the phosphorus atom 
of the ligand should be considered to achieve a balance of conformational stability and 
hemilability of the olefin moiety. 
 
Chart 2. Potential bidentate ligands with one hemilabile group. 
P
O
t-Bu
Ph
O P
O
t-Bu
O
Ph
P
O
t -Bu
PhO  
 
The use of C2-symmetric ligands can reduce the detrimental effect of ligand 
conformational freedom on asymmetric induction. Many of the monodentate N-heterocyclic 
carbene (NHC) ligands developed for asymmetric, transition metal-catalyzed reactions are C2-
symmetric (e.g. Chart 1).
148
 An achiral NHC-ligated palladium catalyst provided modest results 
in the initial catalyst surveys described in Chapter 3. However, these experiments used an allylic 
silanolate with predominantly (E)-olefin geometry which was later shown to provide inferior 
reactivity to the corresponding (Z)-silanolate in reactions that employ bulky monodentate ligands 
(vida infra). These factors warrant the evaluation of enantioenriched, C2-symmetric NHC ligands 
in asymmetric cross-coupling reactions of (Z)-allylic silanolates with aromatic bromides. 
89 
 
Chart 3. Potential NHC ligands. 
N N
Ph Ph
R R
BF4
N N
Me
Me
Me
Me
Me
Me BF4 N N
BF4
t -Bu t -Bu
Me Me
 
 
5.4.3. Effect of the Nontransferable Group 
The nontransferable group of the allylic silanolate affected the yield and 
enantioselectivity of the reaction. Interestingly, the diethyl substituted (Z)-reagent Na
+
55
−
 
provided enantioenriched products and the dimethyl (Z)-reagent Na
+
15
−
 did not. An explanation 
is that the steric bulk of the diethyl silanolate effectively forces the chiral ligand closer to the -
carbon of the silanolate during the transmetalation event. This rationale would explain the 
differences in sensitivity observed between (E)- and (Z)-silanolates to the nontransferable group. 
The transition state structure of the transmetalation the (Z)-silanolate (Figure 10, (Z)-xxxi) places 
the methyl group orthogonal to the ligands of the square planar palladium complex, thus the 
vinylic methyl group is farther from the chiral ligand. In the corresponding (E)-complex ((E)-
xxxi) the vinylic methyl group is positioned coplanar to the ligand plane of palladium and more 
proximal to the chiral ligand. Another explanation is that the diethyl groups serve to rigidify the 
palladium(II) silanolate complex. However, this explanation is less likely as it would be expected 
to affect both the (Z)- and (E)-silanolates. 
 
5.4.4. Effect of Menthol-Based Phosphine Stoichiometry 
The loading of the menthol-based phosphine ligand affected the yield, site-selectivity, 
and enantioselectivity of the reaction and depended upon which ligand was employed. For 
example, increased ligand loading led to lower -selectivity and increased enantioselectivity 
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Si PdO
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NMDPP
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H
(Z)-xxxi
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(E )-xxxi  
Figure 10. Transmetalation transition-state structures of (E)- and (Z)-allylic silanolates. 
 
when the diphenylphosphine NMDPP was used. The lower enantioselectivity at lower NMDPP 
loading suggests that at low loadings the active catalyst was not saturated in chiral ligand. At low 
NMDPP loading, competitive olefinic ligand substitution would increase the site-selectivity of 
the reaction while decreasing the enantioselectivity. In contrast, the highly Lewis basic, trialkyl 
ligand MDCPH provided a palladium catalyst saturated in phosphine at the lowest ligand 
loadings examined. The sensitivity of the reaction that employed NMDPP to the use of APC as 
the palladium precatalyst suggests that with this phosphine ligand, dba is still required for -
selectivity. However, the insensitivity of MDCPH to the identity of the palladium source 
suggests the high -selectivity of this reaction is provided solely by the phosphine ligand. 
 
5.5. Conclusion 
Extensive efforts to develop a catalytic, asymmetric cross-coupling reaction of -
substituted allylic silanolate salts with aromatic bromides produced a moderately 
enantioselective coupling reaction. A broad ligand survey determined that bidentate ligands 
provide ineffective palladium catalysts. These studies also provided insight into the structural 
attributes of trialkylphosphines that can be used to the benefit of the racemic -selective reaction 
of 2-butenylsilanolates. Future efforts to improve the enantioselectivity of the reaction should 
focus on limiting conformational degrees of freedom of the chiral ligand-palladium complex.  
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Chapter 6. -Selective, Palladium-Catalyzed Cross-Coupling of 
Allylic Silanolate Salts with Aromatic Bromides Using 
Trialkylphosphonium Salts Prepared Directly from Phosphine-
Borane Adducts 
 
6.1. Introduction 
The trend toward more active and selective palladium-catalysts has fueled efficient and 
selective synthetic reactions.
149
 The introduction of palladium-catalysts incorporating sterically 
bulky, electron-rich trialkylphosphine ligands for use in C–C bond forming cross-coupling 
reactions has allowed for milder reaction conditions and the inclusion of previously inaccessible 
substrates.
150,151,152
 Furthermore, trialkylphosphonium tetrafluoroborate salts were shown to 
provide bench-stable alternatives to air-sensitive trialkylphosphines with no significant change of 
reactivity when used under basic reaction conditions.
153
 Continued efforts toward the 
development of general and selective palladium-catalyzed, cross-coupling reactions of allylic 
silanolate salts have uncovered that excellent yields, -selectivities, and increased substrate scope 
of the aromatic electrophile are achieved from palladium catalysts resulting from the 
combination of trialkylphosphonium tetrafluoroborate, Pd(dba)2 and a base (see Chapter 5). The 
judicious combination of olefin geometry and nontransferable groups of the allylic silanolate 
reagent were critical to achieving excellent results. 
Previous reaction optimization of the -selective coupling of sodium 2-
butenyldimethylsilanolate Na
+
15
−
 employed an olefinic ligand (see Chapter 3).
93
 Although these 
conditions allowed for the site-selective coupling of a large number of diverse aromatic 
bromides, some substrate classes provided lower reaction efficiency. Specifically, the yields of 
products containing electron-rich aromatic rings (e.g. 4-bromoanisole) were low (Scheme 48). 
The poor reactivity of these substrates was believed to originate from slower oxidative addition 
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of the electron-rich aromatic bromides in the presence of -acidic olefin ligands.73 
Trialkylphosphine ligands should provide more active palladium-catalysts that would be less 
sensitive to electronic properties of the substrates. 
 
Scheme 48 
Si
O
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Me
Me
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2 equiv
MeO MeO
46%, 7.2:1 /  
 
6.2. Research Objectives 
The objective of this research was to develop a general, -selective cross-coupling 
reaction of allylic silanolate salts with aromatic bromides. To achieve this objective requires the 
preparation of bulky monodentate phosphine ligands and their evaluation in cross-coupling 
reactions. The air-sensitive trialkylphosphine ligands targeted can be protected as bench stable 
phosphine-borane adducts for purification and handling. However, to reap the full benefit of this 
strategy requires development of a protocol to transform the phosphine-borane adducts into a 
form that can be used directly in the cross-coupling reaction. Further experiments would gauge 
the structural features of the -substituted allylic silanolate (i.e. olefin geometry and 
nontransferable group) that maximize yield and -selectivity. Electronically and sterically 
differentiated aromatic bromides would then be used to study the generality of these newly 
developed -selective allylation conditions. 
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6.3. Results 
6.3.1. Study of the Effect of Nontransferable Group and Olefin Geometry Using the 
Trialkylphosphonium Salt t-BuCy2PH
+
BF4

Preliminary evaluation of bulky monodentate phosphine ligands determined that the 
combination of Pd(dba)2 and t-BuCy2PH
+
BF4
−
 (83) provided highly reactive catalyst for the 
cross-coupling of allylic silanolate salts with aromatic bromides. Therefore, initial experiments 
to evaluate the effect of the nontransferable group and olefin geometry of the allylic silanolate on 
the efficiency and selectivity of the cross-coupling reaction used this bulky, monodentate 
phosphine ligand (Table 20). The use of an allylic silanolate with nontransferable dimethyl 
groups and (E)-olefin geometry provided a 57% yield of -1q and a 42:1 site-selectivity favoring 
the -coupled product (entry 1). Interestingly, changing the olefin geometry to Z raised the yield 
of -1q to 92% and slightly lowered -selectivity (entry 2). Low reactivity was exhibited by the 
more bulky, diethyl substituted silanolate (E)-Na
+
55
−
 with only 15% conversion of the aromatic 
bromide observed (entry 3). Strikingly, the combination of (Z)-olefin geometry and 
nontransferable diethyl groups led to higher reaction efficiency (conversion) and exquisite -
selectivity at a slightly reduced reaction conversion (entry 4). 
 
Table 20. Effect of Silanolate Nontransferable Group and Olefin Geometry
a
 
R2
Si
ONa
RR
+
Br
Pd(dba)2 (2.5%)
t -BuCy2PH
 BF4
 (2.5%)
toluene, 70 °C, 18 h
Me
1.25 equiv
Me
Me
Me
Me
R1
10q 1q  
entry reagent R R
1
 R
2
 conv.,
b
 % yield ,b % /c 
1 (E)-Na
+
15
−
 Me Me H 96 57 42:1 
2 (Z)-Na
+
15
−
 Me H Me 100 92 18:1 
3 (E)-Na
+
55
−
 Et Me H 15 4 N/A 
4 (Z)-Na
+
55
−
 Et H Me 69 67 >99:1 
a
Reactions performed on 0.1 mmol scale. 
b
Determined by GC analysis. 
c
GC peak area ratio of crude reaction mixture. 
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6.3.2. Preparation of Phosphonium Tetrafluoroborate Salts 
Experiments to determine the effect of other bulky, monodentate phosphonium 
tetrafluoroborate salts required their preparation. To achieve their synthesis and avoid handling 
pyrophoric trialkylphosphines, experimental conditions were developed to transform air-stable 
phosphine-borane adducts directly into phosphonium tetrafluoroborate salts (Scheme 49). 
Preparation of 83, began by treatment of Cy2PCl
154
 with t-BuLi at −78 °C,155 followed addition 
of BH3•THF at 0 °C to provide the trialkylphosphine-borane adduct 82 in 78% after 
recrystallization (mp 122–123 °C). Treatment of 82 with HBF4•OEt2
156
 in CH2Cl2 at 0 °C 
followed by an aqueous fluoroboric acid wash provided a 90% yield of analytically pure 
trialkylphosphonium tetrafluoroborate salt 83 (mp 230–231 °C). Likewise, 
tricyclohexylphosphonium tetrafluoroborate 86 (mp 170–171 °C) and tri-tert-butylphosphonium 
tetrafluoroborate 87 (mp >250 °C dec.) were prepared from the corresponding trialkylphosphine-
borane adducts (84 and 85)
157
 in high yield under these conditions.  
 
Scheme 49 
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6.3.3. Application of the Prepared Phosphonium Salts to Allylic Cross-Coupling Reactions and 
Optimization of Reaction Conditions 
With the trialkylphosphonium salts in hand, the reaction parameters for cross-coupling of 
(Z)-Na
+
55
−
 were optimized (Table 21). The use t-Bu3PH
+
BF4
−
 provided a low yield of the 
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desired product (entry 1). The less bulky Cy3PH
+
BF4
−
 provided a similar result to that of t-
BuCy2PH
+
BF4
−
, however better -selectivity and yield of -1q were achieved with t-
BuCy2H
+
BF4
−
. Increasing the reaction concentration provided better conversion and yield 
(entries 3–5). The use of 1.5 equiv of silanolate provided optimal results (entries 5–7) and 
Pd(dba)2 was a superior palladium source compared to APC (c.f. entries 5 and 8). Reaction were 
slightly slower at ligand stoichiometries greater than 1:1 with palladium (entries 11 and 12). 
Only a small decrease in product yield was noted when the reaction temperature was increased to 
90 °C (entry 14). 
 
Table 21. Optimization of Cross-Coupling Reaction Using Trialkylphosphonium Salts
a
 
Me
Si
O

Na

MeMe
+
Br
Pd (loading)
ligand (loading)
toluene (conc.)
temp. °C, 18 h
Me
Me
Me
Me
Me
(Z)-Na55  
entry conc., 
M 
(Z)-Na
+
55
−
 
loading, 
equiv 
Pd 
source 
Pd 
loading, 
% 
ligand ligand 
loading, % 
temp., 
°C 
conv.,
b
 
% 
yield -
1q,
b
 % 
/c 
1
d
 0.5 1.5 Pd(dba)2 2.5 86 2.5 70 100 88 51:1 
2
d
 0.5 1.5 Pd(dba)2 2.5 87 2.5 70 100 50 38:1 
3 0.5 1.5 Pd(dba)2 2.5 83 2.5 70 100 94 >99:1 
4 0.25 1.5 Pd(dba)2 2.5 83 2.5 70 92 85 >99:1 
5 1.0 1.5 Pd(dba)2 2.5 83 2.5 70 100 99 >99:1 
6 1.0 1.25 Pd(dba)2 2.5 83 2.5 70 69 67 >99:1 
7 1.0 2.0 Pd(dba)2 2.5 83 2.5 70 100 96 >99:1 
8 1.0 1.5 APC 1.25 83 2.5 70 97 86 17:1 
9 1.0 1.5 Pd(dba)2 1.25 83 1.25 70 18 18 >99:1 
10 1.0 1.5 Pd(dba)2 5.0 83 5.0 70 100 99 >99:1 
11 1.0 1.5 Pd(dba)2 2.5 83 5.0 70 93 91 >99:1 
12 1.0 1.5 Pd(dba)2 2.5 83 10 70 89 88 >99:1 
13 1.0 1.5 Pd(dba)2 2.5 83 2.5 50 18 18 >99:1 
14 1.0 1.5 Pd(dba)2 2.5 83 2.5 90 100 93 >99:1 
a
Reactions performed on 0.1 mmol scale. 
b
Determined by GC analysis. 
c
GC peak area ratio of crude reaction 
mixture. 
d
Average of 2 experiments. 
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6.3.4. Preparative Examples of -Selective Cross-Coupling Using Electron-Rich Trialkyl-
phosphonium Tetrafluoroborate Salts 
The results from 1 mmol scale reactions of a variety of aromatic bromides with (Z)-
Na
+
55
−
 under the optimized conditions are compiled in Table 22. The model substrate, 3,5-
dimethylbromobenzene, provided the coupling product with excellent -selectivity (determined 
prior to purification) and isolated yield (after aqueous work-up, chromatography and distillation) 
(entry 1). Likewise, the electron-neutral aromatic bromides 1-bromonaphthalene, 2-
bromonapthylene and 4-tert-butylbromobenzene are excellent substrates in this reaction (entries 
2, 3 and 9). Satisfyingly, substrates bearing electron-donating groups provided high yield and -
selectivity under these conditions (entries 4–6). Noteworthy are the good yields and excellent 
selectivities observed with substrates containing sterically bulky ortho-substitution, including 2-
bromotoluene and the di-ortho-substituted 2-bromomesitylene (entries 7 and 8). Substrates 
bearing electron-withdrawing substituents also reacted smoothly (entries 10 and 11). 
Heterocyclic substrates, like 3-bromoquinoline and 5-bromo-N-Boc-indole, are good substrates 
for allylations under these conditions (entries 12 and 13). Moreover, the racemic precursor
56
 to 
the nonsteroidal anti-inflammatory drug naproxen
158
 was prepared in high yield with excellent -
selectivity under these conditions (entry 14). 
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Table 22. Preparative Allylations of Na
+
55
−
 Using t-BuCy2PH
+
BF4
−a
 
Me
Si
ONa
MeMe
+
Br
Pd(dba)2 (2.5%)
t-BuCy2PH

BF4

(3.0%)
toluene, 70 °C
Me
1.5 equiv 1 mmol
R R
 
entry product yield,
b
 % /c  entry product yield,
b
 % /c
1 
Me
Me
Me
1q
 
90 >99:1 
 
8 
1l
MeMe
MeMe  
73 >99:1 
2 
1j
Me
 
92 >99:1 
 
9 
1a
Me
 
89 >99:1 
3 
1h
Me
t-Bu  
94 >99:1 
 
10
d
 
1n
Me
F3C  
82 >99:1 
4 
1b
Me
MeO  
85 >99:1 
 
11 
1o
Me
t-BuO
O  
91 >99:1 
5 
1ab
Me
PhO  
84 >99:1 
 
12 
1s
Me
N
Boc  
88 99:1
e
 
6 
1e
Me
OMe  
85 >99:1 
 
13
d,f
 
1ac
N
Me
 
82 25:1 
7 
1aa
Me
Me  
74 >99:1 
 
14 
1k
Me
MeO  
91 >99:1 
a
Reactions performed on 1.0 mmol scale. 
b
Isolated yield. 
c
GC peak area ratio of crude reaction mixture. 
d
5% 
Pd(dba)2 and 6% t-BuCy2PH
+
BF4
−
 used. 
e
Determined by 
1
H NMR analysis (>100:1 S/N). 
f
90 °C reaction 
temperature used. 
 
6.4. Discussion 
This work describes the preparation of phosphonium tetrafluoroborate salts directly from 
phosphine borane adducts and their use in the palladium-catalyzed cross-coupling of allylic 
silanolate salts with aromatic bromides. These new conditions provided increased yield, -
selectivity, and substrate scope of this process. Allylic silanolate salts of (Z)-olefin geometry 
were found to be critical when the bulky phosphonium tetrafluoroborate salts are employed. 
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Moreover, excellent -selectivity was observed when the allylic silanolate was substituted with 
nontransferable diethyl groups. 
 
6.4.1. Advantage of Direct Preparation of Phosphonium Tetrafluoroborate Salts from 
Phosphine-Borane Adducts 
Trialkylphosphonium tetrafluoroborate salts provide numerous technical advantages and 
similar reactivity (after in situ deprotonation) to the corresponding trialkylphosphine.
153
 The 
limits of the technical advantage offered by these reagents is reached when with air-sensitive 
phosphines that require purification or further synthetic elaboration, because a significant 
drawback of these salts is the inability to purify them by silica gel chromatography, or their 
recovery them from alkaline or ionic reaction conditions. Conversely, bench-stable phosphine-
borane adducts can be carried through multi-step synthesis employing, reductive, oxidative, 
aqueous acidic, or strongly basic conditions, and be easily purified by recrystallization, 
sublimation or silica-gel chromatography.
159
 Moreover, trialkylphosphines as borane adducts can 
be handled without the use of rigorous Schlenk technique or a dry-box. This protocol allows the 
preparation of phosphonium tetrafluoroborate salts in high yield and purity, and circumvents the 
purification and handling of pyrophoric trialkylphosphines. 
 
6.4.2. The Effect of Olefin Geometry 
The olefin geometry and nontransferable groups of the allylic silanolate reagent had a 
significant effect on the outcome of the cross-coupling reactions. For example, the use of the (E)-
Na
+
15
−
 provided a low yield of the cross-coupled product at high conversion of aromatic 
bromide. In contrast, (Z)-Na
+
15
−
 provided high reaction efficiency with high yield and full 
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conversion of the aromatic bromide. The superior reactivity of (Z)-silanolates relative to (E)-
silanolates likely results from disposition of the vinylic methyl group with respect to the ligands 
around the square planar palladium center in the transmetalation transition-state structure (Figure 
11). The arrangement displayed in (Z)-xxxii avoids the unfavorable steric interaction suffered by 
(E)-xxxii with the bulky ligand.
122
 The previous optimization of the crotylation reaction 
described in Chapter 3 employed a predominately E geometrical mixture (80:20, E/Z) of the 
allylic silanolate reagent. Poor reactivity with bulky, trialkylphosphine ligands was observed in 
the initial optimization studies with this reagent and consequently this class of ligands was 
rejected. 
 
Si PdO
R
R
Me
PCy2t-Bu
aryl
H
(Z)-xxxii
Si PdO
R
R
H
PCy2t-Bu
aryl
Me
(E)-xxxii  
Figure 11. Transmetalation transition-state structures of (E)- and (Z)-allylic silanolates. 
 
6.4.3. The Effect of Nontransferable Groups 
Nontransferable ethyl groups led to lower conversion at reduced silanolate loading (1.25 
equiv) compared to methyl groups, and increased the site-selectivity when the (Z)-silanolate was 
used. The lower conversion observed for diethylsilanolates suggests turnover limiting 
displacement by the bulkier diethylsilanolate at the palladium center (Scheme 50). Also, the 
diethyl derivative may prevent -coupling from direct reductive elimination of xxxvi formed by 
SE transmetalation from an activated, anionic siliconate xxxv.
121
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6.4.4. The Effect of Palladium Precatalyst 
The use of APC instead of Pd(dba)2 was found to negatively affect conversion, yield, and 
site-selectivity of the reaction. These results provide evidence that the -acidic olefin ligand dba, 
provided by the Pd(dba)2 precatalyst, exerts a positive influence on the process. The increased 
conversion could result from increased catalyst turnover number by virtue of stabilization of 
resting state (increased catalyst life), or promotion of the rate-determining step (increased turn-
over frequency). To impact site-selectivity via electronically promoted (i.e. withdrawal of 
electron-density from palladium) reductive elimination,
160
 the dba ligand must be ligated to 
palladium after transmetalation of the coordinatively saturated intermediate xxxvii, but before –
-isomerization.  
 
Scheme 51 
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6.4.5. Effect of Bulky, Trialkylphosphine 
Two methods have been developed for the -selective cross-coupling of allylic silanolate 
salts. Both of these methods produce high -selectivity by modulating the reactivity of the post 
SE’ transmetalation 
1
-allyl complexes xxxix and xl (Figure 12). Reductive elimination from xx 
is facilitated electronically by the -acidic olefin ligand dba as described in Chapter 3. However, 
the high -selectivity observed from use of the bulky, trialkylphosphine t-BuCy2P likely results 
from sterically driven reductive elimination of a crowded palladium complex xl. The higher yield 
and -selectivity provided by t-BuCy2P relative to the other trialkylphosphine ligands examined 
suggest this ligand provides an ideal steric environment which allows for transmetalation through 
the tricoordinate palladium species xxxvii but retards -coupling by obstruction of a 
tetracoordinate -allyl intermediate. 
 
P Pd
aryl
MeMe
Me
Me
xl
Pd
L
aryl
Me
Ph
O
Ph
xxxix  
Figure 12. Post-transmetalation -allyl palladium complexes. 
 
6.5. Conclusion 
The judicious combination of allylic silanolate olefin geometry, nontransferable group, 
and trialkylphosphonium tetrafluoroborate salt allows for the -selective palladium-catalyzed 
allylation reaction of (Z)-Na
+
55
−
 with a variety of aromatic bromides. These conditions enable 
the use of low reagent loadings (1.5 equiv silanolate and 2.5 mol % palladium), and deliver high 
yields and excellent -selectivities. Moreover, difficult substrates whose preparation has not been 
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achieved previously undergo efficient coupling with (Z)-Na
+
55
−
 under this protocol. These 
insights were made possible by the attributes of silicon reagents, most importantly in the context 
of this process, the facile preparation of geometrically pure (E)- and (Z)-allylic silanes and 
readily modifiable silicon substituents. 
  
103 
 
Chapter 7. Experimental 
 
7.1. General Experimental 
All reactions were performed in oven (140 °C) and/or flame dried glassware under an 
atmosphere of dry argon unless otherwise noted. Reaction solvents tetrahydrofuran (Fisher, 
HPLC grade), ether (Fisher, BHT stabilized ACS grade), and methylene chloride (Fisher, 
unstabilized HPLC grade) were dried by percolation through two columns packed with neutral 
alumina under a positive pressure of argon. Reaction solvents hexanes (Fisher, OPTIMA grade) 
and toluene (Fisher, ACS grade) were dried by percolation through a column packed with neutral 
alumina and a column packed with Q5 reactant (supported copper catalyst for scavenging 
oxygen) under a positive pressure of argon. Reaction solvents acetonitrile and ethanol were 
distilled from calcium hydride under a nitrogen atmosphere. The reaction solvent methanol was 
distilled from magnesium powder. Reaction solvents pentane and dimethoxyethane (DME) were 
distilled from sodium benzophenone ketyl under a nitrogen atmosphere. Reaction solvents 
benzene and 1,4-dioxane were distilled from sodium metal under a nitrogen atmosphere. 
Solvents for filtration, transfers, and chromatography were certified ACS grade. “Brine” refers to 
a saturated solution of sodium chloride in water. All reaction temperatures correspond to internal 
temperatures measured with Teflon coated thermocouples. Ozonolyses were performed with a 
Welshbach Model T-816 Ozonator producing a 2.3% (Ozone/O2) gas stream, scrubbed with 2-
propanol/dry ice, and introduced to reactions through a gas dispersion tube at 1.0 L/min.  
1
H and 
13
C NMR spectra were recorded on Varian Unity-500 MHz (126 MHz, 
13
C) 
spectrometers. Acquisition times were 4.096 s for 
1
H NMR, and 1.024 s for 
13
C NMR. Spectra 
are referenced to residual chloroform ( = 7.26 ppm, 1H; 77.0 ppm, 13C) or residual benzene ( = 
7.15 ppm, 
1
H; 128.0 ppm, 
13
C). Chemical shifts are reported in parts per million, multiplicities 
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are indicated by s (singlet), d (doublet), t (triplet), q (quartet), p (pentet), h (hextet), sext (sextet), 
m (multiplet), and br (broad). Coupling constants, J, are reported in Hertz, and integration is 
provided and assignments are indicated. Elemental analysis was performed by the University of 
Illinois Microanalysis Laboratory, Galbraith Laboratories Inc., or Robertson Microlit 
Laboratories. Mass spectrometry (MS) was performed by the University of Illinois Mass 
Spectrometry Laboratory. Electron Impact (EI) spectra were performed at 70 eV using methane 
as the carrier gas on a Finnegan-MAT C5 spectrometer. Chemical Ionization (CI) spectra were 
performed with methane reagent gas on a Micromass 70-VSE spectrometer. Electrospray 
Ionization (ESI) spectra were performed on a Micromass Q-Tof Ultima spectrometer. Data are 
reported in the form of m/z (intensity relative to the base peak = 100). Infrared spectra (IR) were 
recorded on a Perkin-Elmer FT-IR system and peaks are reported in cm
-1
 with indicated relative 
intensities: s (strong, 0–33% T); m (medium, 34–66% T), w (weak, 67–100% %), and br (broad). 
Melting points (mp) were determined on a Thomas-Hoover capillary melting point apparatus in 
sealed tubes and are corrected. Kugelrohr (bulb-to-bulb) distillations were performed on a Büchi 
GKR-50 apparatus with boiling points (bp) corresponding to uncorrected air bath temperatures 
(ABT). Optical rotations were determined on a JASCO DIP-360 digital polarimeter and are 
reported as follows: concentration (c = g/100 mL), and solvent. 
Analytical thin-layer chromatography was performed on Merck silica gel 60 F254 or 
Merck silica gel 60 RP-18 F254s plates. Visualization was accomplished with UV light and/or 
KMnO4 solution. Rf values reported were measured using a 10 × 2 cm TLC plate in a developing 
chamber containing the solvent system described. Flash chromatography was performed using 
Merck silica gel 60, 230–400 mesh (60–63 , 60 Å pore size). 
Analytical supercritical fluid chromatography (SFC) was performed on a Berger 
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Instruments Packed-Column SFC with built-in photometric detector (220 nm or 210 nm) using 
Daicel Chiralpak OD, OJ, OB, AD, and AS columns as well as a Regis Whelk-O1 column. 
Analytical gas chromatography (GC) was performed using a Hewlett-Packard 5890 Gas 
Chromatograph fitted with a flame ionization detector. GC Method 1 involved injections onto a 
Hewlett-Packard HP1 (30 m x 0.32 mm) capillary column. Injector temperature was 250 °C and 
the detector temperature was 300 °C with a N2 carrier gas flow of 4 mL/min. The column 
temperature program was as follows: 175 °C for 5 min, 175 °C to 250 °C at 10 °C/min, then hold 
for 3 min for a total run time of 13 min. GC Method 2 involved injections onto a Hewlett-
Packard HP1MS (30 m x 0.32 mm) capillary column. Injector temperature was 250 °C and the 
detector temperature was 300 °C with a N2 carrier gas flow of 4 mL/min. The column 
temperature program was as follows: 100 °C for 3 min, 100 °C to 260 °C at 40 °C/min, then hold 
for 7 min for a total run time of 14 min. GC Method 3 involved injections onto a Hewlett-
Packard HP1 (30 m x 0.32 mm) capillary column. Injector temperature was 250 °C and the 
detector temperature was 300 
o
C with a N2 carrier gas flow of 4 mL/min. The column 
temperature program was as follows: 100 °C for 3 min, 100 °C to 260 °C at 40 °C/min, then hold 
for 7 min for a total run time of 14 min. GC Method 4 involved injections onto a Hewlett-
Packard HP1 (30 m × 0.32 mm) capillary column. Injector temperature was 250 °C and the 
detector temperature was 300 °C with an N2 carrier gas flow of 4 mL/min. The column 
temperature program was as follows: 100 °C for 3 min, 100 °C to 260 °C at 40 °C/min, then hold 
for 7 min for a total run time of 14 min. GC Method 5 involved injections onto a Hewlett-
Packard HP1 (30 m x 0.32 mm) capillary column. Injector temperature was 250 °C and the 
detector temperature was 300 °C with a N2 carrier gas flow of 4 mL/min. The column 
temperature program was as follows: 50 °C for 2 min, 50 °C to 270 °C at 40 °C/min, then hold 
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for 4.5 min for a total run time of 14 min. CSP-GC Method 6 involved injections onto a Supelco 
-DEX 120 (30 m x 0.25 mm) capillary column. Injector temperature was 250 °C and the 
detector temperature was 300 °C with a N2 carrier gas head pressure of 11 psi. The column 
temperature program was as follows: 75 °C for 42 min, 75 °C to 220 °C at 15 °C/min, then hold 
for 15.3 min for a total run time of 67 min. Retention times (tR) were obtained using Agilent 
Chemstation software. Response factors were generated by triplicate runs of four molar ratios of 
analyte and biphenyl dissolved in ethyl acetate. 
Commercial reagents were purified by distillation or recrystallization prior to use unless 
noted. Trimethylchlorosilane, dimethylchlorosilane, vinyl acetate, phenyl isocyanate, 
bromobenzene (99%), 1-bromonaphthylene (97%), 2-bromoanisole (97%), 2-bromotoluene 
(99%), 4-bromoanisole (99%), 4-bromobenzotrifluoride (99%), 4-bromochlorobenzene (99%), 
3,5-dinitrobenzoyl chloride, 4-bromo-N,N-dimethylaniline, 4-bromobenzoyl chloride, 4-
bromobenzonitrile, 2-bromonaphthalene, 2-bromo-N,N-dimethylaniline, 5-bromo-m-xylene, 3-
bromobenzyl alcohol, crotyl chloride cyclooctadiene, 1,4-benzoquinone, norbornadiene, maleic 
anhydride, tetramethylethylene, and triethylamine were purchased from Aldrich. 3-Butyn-2-ol 
(97%), 4-dimethylaminopyridine (99%), copper iodide, lithium chloride, iso-butyl chloride 
(98%), sodium borohydride (≥98.5%), potassium bicarbonate (99.7%), n-butyllithium (titrated 
by the method of Gilman
161
 prior to use), tri-tert-butylphosphine, potassium tert-butoxide (95%), 
hydrogen peroxide (35 wt. % in water), sodium borohydride (>98.5%), p-toluenesulfonyl 
hydrazide (97%), triphenylphosphine, 2-(di-t-butylphosphino)biphenyl, triphenylphosphine 
oxide, (t-Bu3P)2Pd, 6-bromoindole, 4-bromophenol, triphenylarsine, diallylcarbonate, (o-tol)3P, 
1,3-bris(diphenylphosphino)propane, 1,1’bis(diphenylphosphino)ferrocene, BINAP, palladium 
acetate, palladium bromide, dicyclopentadiene, tetrafluoroboric acid diethyl ether complex (54% 
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w/w) were purchased from Aldrich and used as received. 4-(Trifluoromethyl)benzaldehyde was 
purchased from Oakwood Products. Platinum divinyltetramethyldisiloxane complex (2.4 wt. % 
in xylenes) and allyldimethylchlorosilane was purchased from Gelest and used as received. 
Methyllithium was purchased from Fischer and titrated by the method of Gilman
161
 prior to use. 
trans, trans-Dibenzylideneacetone was purchased from Acros and used as received. 
Tricyclohexylphosphine, tri-tert-butylphosphine, Josiphos, and allylchloro[1,3-bis(2,6-di-i-
propylphenyl)imidazol-2-ylidene]palladium(II), were purchased from Strem and used as 
received. Palladium chloride was purchased from Pressure Chemical and used as received. 
Potassium fluoride (99%) and tetrafluoroboric acid (50% w/w) was purchased from Alfa-Aesar 
and used as received. Sodium hydride was purchased from Aldrich as a suspension in mineral 
oil, washed with hexanes and stored under dry argon. 
 
7.1.1. Determination of Response Factors for Chapter 2 and 3 
Response factors for quantitative GC analysis were calculated using the following 
equation and data: 
Response factor = (mmol compound × rel. area biphenyl) ÷ (mmol biphenyl × rel. area 
compound) 
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Response Factor for Determination of Electrophile Conversion: 
mmol biphenyl rel. area biphenyl mmol 10a rel. area 10a response factor 
0.113 26.769 0.362 73.231 1.17 
0.113 27.007 0.362 72.993 1.19 
0.113 27.061 0.362 72.939 1.19 
0.119 35.291 0.263 64.709 1.22 
0.119 35.279 0.263 64.297 1.22 
0.119 35.291 0.263 64.709 1.22 
0.191 61.731 0.140 38.269 1.18 
0.191 61.828 0.140 38.172 1.19 
0.191 61.980 0.140 38.020 1.19 
   Avg: 1.20 
Response Factor for Determination of Yield: 
mmol biphenyl rel. area biphenyl mmol -1a rel. area -1a response factor 
0.120 63.900 0.0575 31.136 0.983 
0.120 63.684 0.0575 30.975 0.985 
0.120 63.626 0.0575 31.084 0.981 
0.200 67.830 0.0793 27.760 0.969 
0.200 67.871 0.0793 27.739 0.970 
0.200 67.920 0.0793 27.689 0.973 
0.303 80.549 0.0601 16.483 0.969 
0.303 80.648 0.0601 16.448 0.973 
0.303 80.515 0.0601 16.501 0.968 
   Avg: 0.975 
 
7.1.2. Determination of Response Factors for Chapter 4 
Response Factor for Determination of Conversion: 
mmol 
biphenyl 
rel. area biphenyl mmol 10z rel. area 10z response factor 
0.0804 35.311 0.3006 61.513 2.15 
0.0804 36.009 0.3006 62.719 2.15 
0.0804 36.521 0.3006 63.423 2.15 
0.1453 51.303 0.3044 48.62 2.21 
0.1453 51.484 0.3044 48.438 2.23 
0.1453 51.454 0.3044 48.468 2.22 
0.2043 62.035 0.2771 37.87 2.22 
0.2043 62.176 0.2771 37.73 2.24 
0.2043 62.085 0.2771 37.821 2.23 
   
Avg: 2.20 
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Response Factor for Determination of Yield: 
mmol biphenyl rel. area biphenyl mmol (E)-41z 
rel. area (E)-
41z 
response factor 
0.02814 77.818 0.007302 22.182 0.910 
0.02814 77.358 0.007302 22.054 0.910 
0.02814 77.324 0.007302 22.076 0.909 
0.01809 64.628 0.008762 34.541 0.906 
0.01809 64.635 0.008762 34.549 0.906 
0.01809 64.643 0.008762 34.547 0.906 
0.01206 44.604 0.01314 54.297 0.895 
0.01206 44.593 0.01314 54.291 0.895 
0.01206 44.617 0.01314 54.303 0.895 
0.01005 30.261 0.02045 68.404 0.900 
0.01005 30.215 0.02045 68.366 0.899 
0.01005 30.195 0.02045 68.379 0.898 
   Avg: 0.902 
 
7.1.3. Determination of Response Factors for Chapters 5 and 6 
Response Factor for Determination of Conversion: 
mmol 
mesitylene 
rel. area 
mesitylene 
mmol 10q rel. area 10q response factor 
0.0835 76.627 0.0271 22.001 1.13 
0.0835 76.607 0.0271 22.02 1.13 
0.0835 76.562 0.0271 22.062 1.13 
0.0627 62.442 0.0406 36.435 1.11 
0.0627 62.425 0.0406 36.458 1.11 
0.0627 62.432 0.0406 36.45 1.11 
0.0418 45.721 0.0542 53.619 1.11 
0.0418 45.662 0.0542 53.541 1.11 
0.0418 45.583 0.0542 53.431 1.11 
   
Avg: 1.12 
 
 
 
 
110 
 
Response Factor for Determination of Yield: 
mmol 
mesitylene 
rel. area 
mesitylene 
mmol 1q rel. area 1q response factor 
0.0501 72.22 0.0143 26.129 0.787 
0.0501 71.851 0.0143 26.099 0.784 
0.0501 71.897 0.0143 26.18 0.782 
0.0334 54.007 0.0214 44.235 0.782 
0.0334 54.008 0.0214 44.271 0.781 
0.0334 53.806 0.0214 44.196 0.780 
0.0167 30.411 0.0285 67.448 0.770 
0.0167 30.413 0.0285 67.501 0.769 
0.0167 30.373 0.0285 67.482 0.769 
   
Avg: 0.778 
 
7.2. Literature Preparations 
The following compounds were prepared by literature methods: 4-(trimethylsilyl)-3-
butyn-2-ol,
162
 (S)-4-(trimethylsilyl)-3-butyn-2-ol,
163
 Pt(DVDS)•Pt-Bu3,
164
 allylpalladium 
chloride dimer (APC),
165
 bis(4-trifluoromethylbenzylidene)acetone ((4,4’-CF3)dba),
67 
Pd(dba)2,
166
 Pd2dba3,
167
 4-allylbenzophenone,
168
 2-butenyltrichlorosilane,
169
 4,4-
dimethylcyclohexa-2,5-diene-1-one,
170
 2-propenyldimethylchlorosilane,
171
 2-
butenyldimethylchlorosilane,
172
 diallyl ether,
173
 diphenylphosphino-2’,6’-
dimethyoxybiphenyl,
174
 diphenylphosphino-2’4’6’-triisopropylbiphenyl,175 6-bromo-N-Boc-
indole,
176
 3-bromotriethylsilylbenyl ether,
59
 tert-butyl 4-bromobenzoate,
177
 4-
bromophenyldimethyl(tert-butyl)silyl ether,
178
 (E)-2-butynol,
70
 (E)-1-chloro-2-butene,
179
 (Z)-2-
butenyltrichlorosilane,
169
 bis(4-methoxybenzylidene)acetone,
67
 menthylmagnesium chloride,
180
 
[(1S)-(1,1-dimethylethyl)methylphosphine]trihydroboron,
181
 [(1S)-(1,1-dimethylethyl)methyl-
(phenylmethyl)phosphine]trihydroboron,
136
 (3S)-3-(1,1-dimethylethyl)-2,3-dihydro-3-oxide-1,3-
benxoxaphosphole,
141
 (3S)-3-(1,1-dimethylethyl)-2,3-dihydro-3-oxide-1,3-benzoxaphosphol-4-yl 
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1,1,1-trifluoromethanesulfonic ester,
138
 chlorodicyclohexylphosphine,
154
 tricyclohexylphosphine 
trihydroboron,
157
 and tri-tert-butylphosphine trihydroboron.
157
 
 
7.3. Detailed Experimental Procedures for Chapter 2 
Preparation of 1,1-Dimethyl-1-(2-propen-1-yl)silanol (7)  
Si
OH
Me Me
Si
Cl
Me Me
1M acetate buffer
pH = 5
ether, rt
1
2
3
1'1'
9 7  
To a single-necked, 1-L, round-bottomed flask equipped with a magnetic stir bar was 
added 429 mL of 1 M acetate buffer (pH = 5) and ether (43 mL). Allyldimethylchlorosilane (8.75 
g, 65.0 mmol) was then dissolved in ether (43 mL) then added by pipette to the vigorously 
stirring, heterogeneous mixture of acetate buffer and ether. After being stirred for 5 min, the 
reaction mixture was then poured into a 1-L separatory funnel and diluted with ether (40 mL). 
The aqueous phase was separated and washed with ether (2 × 30 mL). The three separate organic 
extracts were then sequentially washed with sat. aq. NaHCO3 (20 mL) and the pH of the 
resulting aqueous wash was checked with litmus paper to ensure alkalinity. The organic extracts 
were then washed with brine, combined, and dried over Na2SO4, and then filtered through a pad 
of silica gel (5 g) in a glass-fritted funnel (coarse, 5 cm × 7 cm). The filtrate was concentrated 
(ambient temp., 20 mm Hg) and the residue purified by column chromatography (silica gel, 30 
mm x 20 cm, pentane/Et2O, 4:1), followed by simple distillation to provide 6.77 g (90%) of 7 as 
a clear, colorless oil. 
Data for (7): 
 bp: 134 C (760 mmHg) 
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 1H NMR: (500 MHz, CDCl3) 
  5.82 (ddt, J = 16.9, 10.1, 8.1, 1 H, HC(2)), 4.91 (m, 2 H, HC(3)), 1.71 (b, 1 H, 
HO), 1.63 (d, J = 8.1, 2 H, HC(1)), 0.16 (s, 6 H, HC(1’)). 
 13C NMR: (126 MHz, CDCl3) 
  134.3 C(2), 113.9 C(3), 25.9 C(1), -0.623 C(1’). 
 IR: (film) 
  3294 (s), 3080 (m), 3062 (w), 2998 (w), 2960 (m), 1916 (w), 2886 (w), 1632 (m),  
  1420 (w), 1393 (w), 1256 (s), 1192 (w), 1160 (m), 1067 (m), 1037 (m), 992 (m),  
 932 (m), 895 (s), 868 (s), 837 (s), 753 (m), 722 (w), 697 (w), 654 (m), 647 (m). 
MS: (EI, 70 eV) 
  173 (6), 149 (6), 133 (6), 116 (M
+
, 5), 101 (9), 75 (100), 61 (10). 
 TLC: Rf 0.19 (pentane/Et2O, 4:1) [silica gel, aqueous KMnO4] 
 
Preparation of Sodium 1,1-Dimethyl-1-(2-propen-1-yl)silanolate (Na
+
7
−
) 
Si
OH
Me Me NaH
THF, rt
Si
ONa
Me Me
1
2
3
1'1'
7 Na7  
In a dry box, washed NaH (618 mg, 25.8 mmol, 1.1 equiv) and THF (13 mL) were 
combined in a 50-mL, single-necked, round-bottomed flask containing a magnetic stir bar. In a 
separate 50-mL, single-necked, round-bottomed flask containing allyldimethylsilanol (2.72 g, 
23.4 mmol) was added THF (23 mL), this solution was then mixed and added drop-wise over 10 
min to the stirred suspension of NaH. After being stirred for 30 min, the resulting mixture was 
filtered through a glass-fritted filter (medium, 3.5 cm × 4.5 cm) into a 25-mL Schlenk flask. The 
filtrate was concentrated (ambient temp., 20 mm Hg) to afford a colorless amorphous solid. 
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Hexane (10 mL) was then added and the resulting solution was concentrated (ambient temp., 0.5 
mm Hg) to afford 2.82 g (89%) of Na
+
7
−
 as a white powder. 
Data for (Na
+
7
−
): 
 1H NMR: (500 MHz, C6D6) 
  6.11 (ddt, J = 17.1, 10.0, 8.3, 1 H, HC(2)), 4.93 (m, 2 H, HC(3)), 1.58 (d, J = 8.3, 
2 H, HC(1)), 0.08 (s, 6 H, HC(1’)). 
 13C NMR: (126 MHz, C6D6) 
  141.2 C(2), 110.2 C(3), 30.5 C(1), 3.2 C(1’). 
 Analysis: C5H11NaOSi (138.22) 
 Calcd: C, 43.45;  H, 8.02 
 Found: C, 43.06;  H, 8.21 
 
General Procedure I. Preparative Cross-coupling of Sodium 2-Propenyldimethylsilanolate with 
Aryl Bromides 
Si
ONa
Me Me
+
APC (2.5 mol%)
DME (0.5 M), 85 °C
2.5 equiv 1.0 equiv
Br
R R
 
To a 5-mL, single-necked, round-bottomed flask containing a magnetic stir bar, equipped 
with a reflux condenser and an argon inlet capped with a septum was added allylpalladium 
chloride dimer (APC, 9.2 mg, 0.025 mmol, 0.025 equiv). The flask was then sequentially 
evacuated and filled with argon three times. The aryl bromide (1.0 mmol) was then added by 
syringe. Sodium 2-propenyldimethylsilanolate (346 mg, 2.5 mmol, 2.5 equiv), pre-weighed into 
a 10-mL, two-necked, round-bottomed flask in a dry-box, was then dissolved in DME (2.0 mL) 
then added to the aryl bromide by syringe. The reaction mixture was heated in a preheated oil 
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bath to 85 °C under argon. After complete consumption of the aryl bromide was observed by GC 
analysis, the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) in a glass-fritted 
filter (coarse, 2 cm × 5 cm) and the filter cake washed with ether (3 × 10 mL). The filtrate was 
concentrated (ambient temp., 20 mm Hg) and the residue was purified by column 
chromatography (silica gel or C-18 reverse phase) followed by Kugelrohr distillation or 
recrystallization to afford the product. 
 
General Procedure II. Small-scale Cross-coupling of Sodium 2-Propenyldimethylsilanolate with 
4-Bromoanisole (Dry-Box Set-Up) 
Si
ONa
Me Me
+
APC (2.5 mol%)
toluene (0.5 M), 70 oC
1.3 equiv 1.0 equiv
Br
MeO MeO
 
In a 5-mL, single-necked, round-bottomed flask containing a magnetic stir bar, equipped 
with a reflux condenser was combined APC (4.0 mg, 0.010 mmol, 0.025 equiv), biphenyl (40 
mg, 0.26 mmol), 4-bromoanisole (75.0 mg, 0.40 mmol), toluene (0.80 mL) and sodium 2-
propenyldimethylsilanolate (72 mg, 0.52 mmol, 1.3 equiv). The flask was then sealed with a 
septum, removed from the dry-box, and heated in a preheated oil bath to 70 °C under argon using 
a stainless steel 16 gauge needle. Aliquots (50 L) were removed from the reaction mixture by 
syringe, then were quenched with 10% 2-(dimethylamino)ethanethiol hydrochloride solution 
(0.25 mL), and were extracted with EtOAc (1 mL). The organic extract was then filtered through 
a small plug of silica gel in a pipette (0.5 cm × 1.0 cm) and the filter cake washed with EtOAc 
(0.5 mL). The sample was then analyzed by GC. 
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General Procedure III. Small-scale Cross-coupling of Sodium 2-Propenyldimethylsilanolate with 
Aryl Bromides (Bench-Top Set-Up) 
Si
ONa
Me Me
+
[Pd] (loading)
ligand (loading)
solvent, temp
Br
R R  
In a 5-mL, single-necked, round-bottomed flask containing a magnetic stir bar, equipped 
with a reflux condenser was combined palladium catalyst, ligand, and biphenyl (internal 
standard). The flask was then sequentially evacuated and filled with argon three times. The aryl 
bromide (1.0 equiv) was then added by syringe. The silanolate pre-weighed into a 10-mL, two-
necked, round-bottomed flask in a dry-box, was then dissolved in solvent, and added to the aryl 
bromide by syringe. The reaction mixture was heated under argon in a preheated oil bath. 
Aliquots (50 L) were removed from the reaction mixture by syringe, quenched with 10% 2-
(dimethylamino)ethanethiol hydrochloride solution (0.25 mL), and were extracted with EtOAc (1 
mL). The organic extract was then filtered through a small plug of silica gel (0.5 cm × 1.0 cm) 
and the filter cake washed with EtOAc (0.5 mL). The sample was then analyzed by GC. 
 
Preparation of 1-(2-Propen-1-yl)naphthalene (11a) 
Si
O-Na+
Me Me
+
APC (2.5 mol%)
DME, 85 oC
2.5 equiv
2
3
456
7
8
9
110
11
12
13Br
 
Following General Procedure I, APC (9.2 mg, 0.025 mmol, 0.025 equiv), 1-
bromonaphthalene (207 mg, 1.0 mmol), Na
+
7
−
 (346 mg, 2.5 mmol, 2.5 equiv), and DME (2.0 
mL) were combined and heated to 85 °C. After 2 h, the mixture was cooled to rt, filtered through 
silica gel (2 cm × 2 cm) and the filter cake washed with ether. Purification by silica gel 
chromatography (20 cm × 20 mm, hexane) and C-18 reverse phase chromatography (20 cm × 10 
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mm, MeOH/H2O, 9:1) followed by Kugelrohr distillation afforded 143 mg (85%) of 11a as a 
clear, colorless oil. Spectroscopic data matched those reported in the literature.
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Data for (11a): 
 bp: 85 °C (1.0 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
  8.05 (d, J = 8.1, 1 H, HC(9)), 7.87 (d, J = 7.6, 1 H, HC(6)), 7.76 (d, J = 8.1, 1 H, 
HC(4)), 7.51 (m, 2 H, HC(8), HC(7)), 7.44 (m, 1 H, HC(3)), 7.36 (d, J = 6.6, 1 H, 
C(2)), 6.14 (ddt, J = 16.8, 10.5, 6.3, 1 H, HC(12)), 5.12 (m, 2 H, HC(13)), 3.86 (d, 
J = 6.3, 2 H, HC(11)). 
 13C NMR: (126 MHz, CDCl3) 
  137.2 C(12), 136.4 C(1), 134.1 C(5), 132.2 C(10), 128.9 C(6), 127.2 C(4), 126.5 
C(8), 126.1 C(7), 125.9 C(3), 125.8 C(9), 124.3 C(2), 116.4 C(13), 37.5 C(11). 
 IR: (film) 
  3046 (m), 3005 (m), 2977 (m), 2912 (m), 2849 (w), 1924 (w), 1831 (w), 1702 
(w), 1654 (w), 1638 (m), 1597 (m), 1510 (m), 1430 (w), 1396 (m), 1352 (w), 
1296 (w), 1259 (w), 1238 (w), 1218 (w), 1165 (w), 1142 (w), 1076 (w), 1016 (m), 
994 (m), 976 (w), 914 (m), 853 (w), 791 (m), 776 (m), 732 (w). 
MS: (EI, 70eV) 
  168 (M
+
 100), 153 (65), 141 (22), 115 (24). 
TLC: Rf 0.29 (hexanes) [silica gel, UV] 
GC: tR: 9.496 min (99.7%) (GC Method 1). 
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Preparation of 1-Methoxy-4-(2-propen-1-yl)benzene (11b) 
Si
O-Na+
Me Me
+
APC (2.5 mol%)
DME, 85 oC
2.5 equiv
MeO
1 2
3
4
5
6
7
8
MeO
Br
 
Following General Procedure I, APC (9.2 mg, 0.025 mmol, 0.025 equiv), 4-bromoanisole 
(187 mg, 1.0 mmol), Na
+
7
−
 (346 mg, 2.5 mmol, 2.5 equiv), and DME (2.0 mL) were combined 
and heated to 85 °C. After 3 h, the mixture was cooled to rt, filtered through silica gel (2 cm × 2 
cm) and the filter cake washed with ether. Purification by silica gel chromatography (20 cm × 20 
mm, hexane/EtOAc, 100:0→20:1) followed by Kugelrohr distillation afforded 119 mg (80%) of 
11b as a clear, colorless oil. Spectroscopic data matched those reported in the literature.
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Data for (11b): 
 bp: 90 °C (10 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
  7.14 (d, J = 8.5, 2 H, HC(3)), 6.87 (d, J = 8.5, 2 H, HC(2)), 5.99 (ddt, J = 16.8, 
10.3, 6.6, 1 H, HC(6)), 5.09 (m, 2 H, HC(7)), 3.81 (s, 3 H, HC(8)), 3.36 (d, J = 
6.6, 2 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
  158.2 C(1), 138.2 C(6), 132.4 C(4), 129.8 C(3), 115.7 C(7), 114.1 C(2), 55.5 
C(8), 39.6 C(5). 
 IR: (film) 
  3077 (m), 3032 (m), 3003 (m), 2978 (m), 2954 (m), 2934 (m), 2906 (m), 2835 
(m), 1639 (m), 1611 (s), 1584 (m), 1511 (s), 1464 (s), 1441 (m), 1321 (w), 1301 
(s), 1247 (s), 1177 (s), 1111 (m), 1038 (s), 1012 (w), 995 (m), 914 (s), 842 (m), 
830 (m), 815 (m), 761 (m), 708 (w), 639 (m), 624 (m). 
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MS: (EI, 70eV) 
  148 (M
+
, 100), 133 (19), 121 (30), 105 (17), 91 (15), 77 (16). 
TLC: Rf 0.35 (hexanes/EtOAc, 20:1) [silica gel, UV] 
 GC: tR: 6.21 min (GC Method 1). 
 
Preparation of 1-Methoxy-2-(2-propen-1-yl)benzene (11e) 
Si
O-Na+
Me Me
+
APC (2.5 mol%)
DME, 85 oC
2.5 equiv
Br
OMe
1
2
3
4
5
6
7
8
9
10
OMe
 
Following General Procedure I, APC (9.2 mg, 0.025 mmol, 0.025 equiv), 2-bromoanisole 
(187 mg, 1.0 mmol), Na
+
7
−
 (346 mg, 2.5 mmol, 2.5 equiv), and DME (2.0 mL) were combined 
and heated to 85 °C. After 12 h, the mixture was cooled to rt, filtered through silica gel (2 cm × 2 
cm) and the filter cake washed with ether. Purification by silica gel chromatography (20 cm × 20 
mm, hexane/EtOAc, 100:0→50:1) followed by Kugelrohr distillation afforded 116 mg (78%) of 
11e as a clear, colorless oil. Spectroscopic data matched those reported in the literature.
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Data for (11e): 
 bp: 85 °C (11 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
7.21 (td, J = 8.2 and 1.7, 1 H, HC(3)), 7.15 (dd, J = 7.4 and 1.7, 1 H, HC(5)), 6.92 
(td, J = 7.4 and 1.0, 1 H, HC(4)), 6.87 (d, J = 8.2, 1 H, HC(2)), 6.01 (ddt, J = 16.8, 
10.3, 6.6, 1 H, HC(8)), 5.06 (m, 2 H, HC(9)), 3.84 (s, 3 H, HC(10)), 3.40 (d, J = 
6.6, 2 H, HC(7)). 
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 13C NMR: (126 MHz, CDCl3) 
157.5 C(1), 137.3 C(8), 130.0 C(5), 128.8 C(6), 127.6 C(2), 120.7 C(3), 115.6 
C(4), 110.6 C(9), 55.6 C(10), 34.5 C(7). 
 IR: (film) 
3077 (m), 3003 (m), 2938 (m), 2836 (m), 1638 (m), 1600 (m), 1493 (s), 1464 (s), 
1439 (m), 1290 (m), 1245 (s), 1174 (m), 1126 (m), 1050 (m), 1032 (s), 996 (m), 
752 (s). 
MS: (EI, 70eV) 
148 (M
+
, 100), 133 (25), 119 (22), 115 (30), 105 (33), 91 (45), 77 (18), 65 (10), 
55 (4). 
 TLC: Rf 0.23 (hexanes/EtOAc, 50:1) [silica gel, UV] 
 GC: tR: 4.626 min (GC Method 2). 
 
Preparation of N,N-Dimethyl-4-(2-propen-1-yl)benzenamine (11f) 
Si
O-Na+
Me Me
+
APC (2.5 mol%)
DME, 85 oC
2.5 equiv
Br
N
Me
Me
1
2
3
4
5
6
7
8Me2N
 
Following General Procedure I, APC (9.2 mg, 0.025 mmol, 0.025 equiv), 4-bromo-N,N-
dimethylaniline (200 mg, 1.0 mmol), Na
+
7
−
 (346 mg, 2.5 mmol, 2.5 equiv), and DME (2.0 mL) 
were combined and heated to 85 °C. After 7 h, the mixture was cooled to rt, filtered through 
silica gel (2 cm × 2 cm) and the filter cake washed with ether. Purification by silica gel 
chromatography (20 cm × 20 mm, pentane/ether, 100:0→50:1) followed by Kugelrohr 
distillation afforded 135 mg (84%) of 11f as a clear, colorless oil. Spectroscopic data matched 
those reported in the literature.
185
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Data for (11f): 
 bp: 105 °C (5 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
7.08 (d, J = 8.6, 2 H, HC(2)), 6.73 (d, J = 8.6, 2 H, HC(3)), 5.97 (ddt, J = 16.8, 
10.0, 6.7 1 H, HC(6)), 5.05 (m, 2 H, HC(7)), 3.32 (d, J = 6.7, 2 H, HC(5)), 2.93 
(s, 6 H, HC(8)). 
 
 13C NMR: (126 MHz, CDCl3) 
149.5 C(4), 138.6 C(6), 129.4 C(1), 128.5 C(2), 115.3 C(7), 113.3 C(3), 41.2 
C(8), 39.5 C(5). 
 IR: (film) 
3076 (m), 3003 (m), 2976 (m), 2892 (m), 2845 (m), 2799 (m), 1638 (m), 1615 (s), 
1567 (w), 1521 (s), 1479 (m), 1443 (m), 1412 (w), 1346 (s), 1278 (w), 1227 (m), 
1190 (w), 1163 (m), 1132 (m), 1060 (w), 994 (m), 948 (m), 911 (m), 825 (m), 802 
(s). 
MS: (EI, 70eV) 
 161 (M
+
, 100), 134 (46), 117 (18), 91 (12), 
TLC: Rf 0.25 (pentane/ether, 50:1) [silica gel, UV] 
GC: tR: 5.78 min (GC Method 2). 
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Preparation of N,N-Dimethyl-2-(2-propenyl)benzenamine (11g) 
Si
O-Na+
Me Me
+
APC (2.5 mol%)
DME, 85 oC
2.5 equiv
Br
1
2
3
4
5
6
7
8
NMe2
9
10
NMe2
 
Following General Procedure I, APC (9.2 mg, 0.025 mmol, 0.025 equiv), 2-bromo-N,N-
dimethylaniline (200 mg, 1.0 mmol), Na
+
7
−
 (346 mg, 2.5 mmol, 2.5 equiv), DME (2.0 mL) were 
combined and heated to 85 °C. After 12 h, the mixture was cooled to rt, filtered through silica gel 
(2 cm × 2 cm) and the filter cake washed with ether. Purification by silica gel chromatography 
(20 cm × 20 mm, hexane/EtOAc, 100:0→50:1) followed by Kugelrohr distillation afforded 135 
mg (84%) of 11g as a clear, colorless oil. Spectroscopic data matched those reported in the 
literature.
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Data for (11g): 
 bp: 85 °C (9 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
7.20 (d, J = 7.4, 1 H, HC(3)), 7.19 (t, J = 7.6, 1 H, HC(5)), 7.10 (d, J = 7.8, 1 H, 
HC(4)), 7.02 (t, J = 7.3, 1 H, HC(4)), 6.01 (ddt, J = 16.8, 10.3, 6.6, 1 H, HC(8)), 
5.11 (m, 2 H, HC(9)), 3.50 (d, J = 6.6, 2 H, HC(7)), 2.69 (s, 6 H, HC(10). 
 13C NMR: (126 MHz, CDCl3) 
152.8 C(1), 138.1 C(8), 134.7 C(2), 130.4 C(5), 127.1 C(4), 123.3 C(3), 119.4 
C(6), 115.9 C(9), 45.2 C(10), 35.2 C(7). 
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 IR: (film) 
3075 (m), 3021 (m), 2978 (m), 2939 (s), 2888 (m), 2860 (m), 2826 (s), 2784 (s), 
2610 (w), 2236 (w), 1908 (w), 1826 (w), 1638 (m), 1598 (m), 1493 (s), 1451 (s), 
1306 (m), 1188 (m), 1156 (s), 1096 (m), 1049 (m), 995 (m), 950 (s), 912 (s), 766 
(s). 
 MS: (EI, 70eV) 
 161 (M
+
, 100), 146 (52), 132 (77), 118 (30), 104 (7), 91 (25), 77 (13), 65 (10).  
 TLC: Rf 0.12 (hexanes/EtOAc, 50:1) [silica gel, UV] 
GC: tR: 4.971 min (GC Method 2). 
 
Preparation of 1-(1,1-Dimethylethyl)4-(2-propen-1-yl)benzene (11h) 
Si
O-Na+
Me Me
+
APC (2.5 mol%)
DME, 85 oC
2.5 equiv
Br
Me
Me
Me
1
2
3
4
5
6
7
8
9
Me
Me
Me
 
Following General Procedure I, APC (9.2 mg, 0.025 mmol, 0.025 equiv), 4-bromo-tert-
butylbenzene (213 mg, 1.0 mmol), Na
+
7
−
 (346 mg, 2.5 mmol, 2.5 equiv), and DME (2.0 mL) 
were combined and heated to 85 °C. After 9 h, the mixture was cooled to rt, filtered through 
silica gel (2 cm × 2 cm) and the filter cake washed with ether. Purification by silica gel 
chromatography (20 cm × 20 mm, pentane) and C-18 reverse phase chromatography (20 cm × 10 
mm, MeCN/H2O, 9:1) followed by Kugelrohr distillation afforded 128 mg (74%) of 11h as a 
clear, colorless oil. Spectroscopic data matched those reported in the literature.
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Data for (11h): 
 bp: 85 °C (5 mmHg, ABT) 
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 1H NMR: (500 MHz, CDCl3) 
7.34 (d, J = 8.3, 2 H, HC(3)), 7.14 (d, J = 8.3, 2 H, HC(2)), 5.99 (ddt, J = 16.9, 
10.0, 6.8 1 H, HC(6)), 5.09 (m, 2 H, HC(7)), 3.38 (d, J = 6.8, 2 H, HC(5)), 1.32 
(s, 9 H, HC(9)). 
 13C NMR: (126 MHz, CDCl3) 
149.1 C(4), 137.9 C(6), 137.3 C(1), 128.4 C(3), 125.6 C(2), 115.9 C(7), 40.0 
C(5), 34.6 C(8), 31.7 C(9). 
 IR: (film) 
3079 (w), 3057 (w), 3025 (w), 3004 (w), 2964 (m), 2905 (m), 2869 (m), 1638 
(w), 1515 (m), 1499 (w), 1475 (w), 1460 (w), 1432 (w), 1414 (w), 1393 (w), 1364 
(w), 1269 (w), 1203 (w), 1110 (w), 1020 (w), 993 (w), 913 (w), 848 (w), 833 (w), 
806 (w). 
MS: (EI, 70eV) 
 174 (32), 153 (M
+
, 100), 131 (12), 117 (13), 105 (10), 91 (18), 57 (13). 
 TLC: Rf 0.58 (pentane) [silica gel, UV] 
 GC: tR: 5.26 min (GC Method 2). 
 
Preparation of 1-[[(Triethylsilyl)oxy]methyl]-3-(2-propenyl)benzene (11i) 
Si
O-Na+
Me Me
+
APC (2.5 mol%)
DME, 85 oC
2.5 equiv
1
2
3
4
5
6 7
8
9
O Si
Me
Me
Me
10
11 12
Br
O Si
Me
Me
Me
 
Following General Procedure I, APC (9.2 mg, 0.025 mmol, 0.025 equiv), 3-
bromotriethylsilylbenzyl ether (301 mg, 1.0 mmol), Na
+
7
−
 (346 mg, 2.5 mmol, 2.5 equiv), and 
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DME (2.0 mL) were combined and heated to 85 °C. After 4 h, the mixture was cooled to rt, 
filtered through silica gel (2 cm × 2 cm) and the filter cake washed with ether. Purification by 
silica gel chromatography (20 cm × 20 mm, hexane/EtOAc, 100:0→20:1) followed by Kugelrohr 
distillation afforded 225 mg (86%) of 11i as a clear, colorless oil. 
Data for (11i): 
 bp: 170 °C (2 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
7.26 (t, J = 7.6, 1 H, HC(5)), 7.18 (d, J = 7.9, 2 H, HC(4), HC(6)), 7.08 (d, J = 
7.6, 1 H, HC(2)), 5.97 (ddt, J = 16.9, 10.1, 6.7 1 H, HC(8)), 5.08 (m, 2 H, HC(9)), 
4.72 (s, 2 H, HC(10)), 3.39 (d, J = 6.7, 2 H, HC(7)), 0.98 (t, J = 7.9, 9 H, 
HC(12)), 0.65 (q, J = 7.9, 6 H, HC(11)). 
 13C NMR: (126 MHz, CDCl3) 
141.7 C(1), 140.2 C(3), 137.7 C(8), 128.5 C(4), 127.5 C(6), 126.7 C(5), 124.3 
C(2), 116.0 C(9), 65.0 C(10), 40.5 C(7), 7.0 C(12), 4.7 C(11).  
 IR: (film) 
3059 (m), 3005 (m), 2954 (s), 2911 (s), 2876 (s), 2732 (w), 1639 (m), 1609 (m), 
1591 (w), 1488 (m), 1458 (m), 1414 (m), 1372 (m), 1239 (s), 1153 (s), 1105 (s), 
1078 (s), 1006 (s), 974 (m), 913 (s), 820 (s), 743 (s), 700 (s), 669 (m).  
MS: (EI, 70eV) 
 233 (M
+ − CH2CH3, 100), 203 (13), 175 (16), 131 (44), 115 (11), 91 (17).  
 HRMS: (CI) 
 calc for C16H27OSi (M
+
+H): 263.1831; found: 263.1830.  
 TLC: Rf 0.17 (hexanes/EtOAc, 20:1) [silica gel, UV] 
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GC: tR: 7.10 min (GC Method 3). 
 
Preparation of 2-(2-Propen-1-yl)naphthalene (11j) 
Si
O-Na+
Me Me
+
APC (2.5 mol%)
DME, 85 oC
2.5 equiv
1
2
3
4
5
6
7
8
9
10
11
12
13
Br
 
Following General Procedure I, APC (9.2 mg, 0.025 mmol, 0.025 equiv), 2-
bromonaphthalene (207 mg, 1.0 mmol), Na
+
7
−
 (346 mg, 2.5 mmol, 2.5 equiv), and DME (2.0 
mL) were combined and heated to 85 °C. After 9 h, the mixture was cooled to rt, filtered through 
silica gel (2 cm × 2 cm) and the filter cake washed with ether. Purification by silica gel 
chromatography (20 cm × 20 mm, pentane) and C-18 reverse phase chromatography (20 cm × 10 
mm, MeOH/H2O, 9:1) followed by Kugelrohr distillation afforded 120 mg (71%) of 11j as a 
clear, colorless oil. Spectroscopic data matched those reported in the literature.
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Data for (11j): 
 bp: 62 °C (0.1 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
7.82 (m, 3 H, HC(4), HC(6), HC(9)), 7.65 (bs, 1 H, HC(1)), 7.46 (pd, J = 6.9, 1.5 
2 H, HC(3), HC(8)), 7.36 (dd, J = 8.4, 1.7 1 H, HC(7)), 6.08 (ddt, J = 16.8, 10.1, 
6.7, 1 H, HC(12)), 5.16 (m, 2 H, HC(13)), 3.58 (d, J = 6.7, 2 H, HC(11)). 
 13C NMR: (126 MHz, CDCl3) 
137.8 C(2), 137.6 C(12), 133.9 C(10), 132.4 C(5), 128.2 C(4), 127.9 C(9), 127.8 
C(6), 127.7 C(1), 126.9 C(8), 126.2 C(7), 125.5 C(3), 116.3 C(13), 40.6 C(11).  
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 IR: (film) 
3053 (w), 2977 (w), 2900 (w), 2833 (w), 1919 (w), 1831 (w), 1637 (w), 1600 (w), 
1560 (w), 1542 (w), 1508 (w), 1431 (w), 1412 (w), 1364 (w), 1268 (w), 1142 (w), 
1124 (w), 1018 (w), 994 (w), 960 (w), 913 (w), 851 (w), 814 (w), 771 (w), 752 
(w).  
MS: (EI, 70eV) 
 168 (M
+
, 100), 153 (26), 141 (18), 115 (17). 
 TLC: Rf 0.25 (pentane) [silica gel, UV] 
GC: tR: 6.31 min (GC Method 2). 
 
Preparation of 2-Methoxy-6-(2-propenyl)naphthalene (11k)  
Si
O-Na+
Me Me
+
APC (2.5 mol%)
DME, 85 oC
2.5 equiv
1
2
3
4
5
6
7
8
9
10
MeO
14
11
12
13
Br
MeO
 
Following General Procedure I, APC (9.2 mg, 0.025 mmol, 0.025 equiv), 2-bromo-6-
methoxynaphthalene (237 mg, 1.0 mmol), Na
+
7
−
 (346 mg, 2.5 mmol, 2.5 equiv), and DME (2.0 
mL) were combined and heated to 85 °C. After 6 h, the mixture was cooled to rt, filtered through 
silica gel (2 cm × 2 cm) and the filter cake washed with ether. Purification by silica gel 
chromatography (20 cm × 20 mm, pentane/ether/CH2Cl2, 99:0:1→97:2:1) followed by 
recrystallization from pentane afforded 188 mg (95%) of 11k as white needles. Spectroscopic 
data matched those reported in the literature.
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Data for (11k): 
 mp: 54-55 °C 
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 1H NMR: (500 MHz, CDCl3) 
7.69 (d, J = 8.3, 2 H, HC(3), HC(8)), 7.57 (d, J = 0.7, 1 H, HC(5)), 7.31 (dd, J = 
8.3 and 1.7, 1 H, HC(7)), 6.87 (d, J = 8.2, 1 H, HC(2), HC(10)), 6.06 (ddt, J = 
17.1, 10.2, 6.6, 1 H, HC(12)), 5.13 (m, 2 H, HC(13)), 3.92 (s, 3 H, HC(14)), 3.53 
(d, J = 6.6, 2 H, HC(11)). 
 13C NMR: (126 MHz, CDCl3) 
157.5 C(1), 137.8 C(12), 135.4 C(6), 133.4 C(9), 129.4 C(4), 129.2 C(3), 128.1 
C(5), 127.1 C(8), 126.8 C(7), 119.0 C(2), 116.1 C(13), 105.9 C(10), 55.5 C(14), 
40.4 C(11). 
 IR: (film) 
3051 (w), 3013 (w), 2962 (w), 2934 (w), 2904 (w), 2836 (w), 2345 (w), 1636 (w), 
1629 (w), 1604 (m), 1505 (w), 1483 (m), 1461 (w), 1432 (w), 1388 (w), 1264 
(m), 1236 (m), 1203 (m), 1160 (m), 1120 (w), 1030 (m), 1000 (w), 919 (m), 857 
(m), 825 (m). 
MS: (EI, 70eV) 
198 (M
+
, 100), 183 (17), 167 (18), 155 (21), 139 (6), 128 (17), 115 (7), 99 (4), 87 
(2), 76 (4), 63 (5). 
 TLC: Rf 0.39 (pentane/Et2O/CH2Cl2, 97/2:1) [silica gel, UV] 
GC: tR: 7.196 min (GC Method 2). 
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Preparation of 1,3,5-Trimethyl-2-(2-propenyl)benzene (11l) 
Si
O-Na+
Me Me
+
APC (2.5 mol%)
DME, 85 oC
2.5 equiv
1
2
3
4
5
6
7
8
Me
MeMe 9
Br
Me
MeMe
 
Following General Procedure I, APC (9.2 mg, 0.025 mmol, 0.025 equiv), Ph3PO (14 mg, 
0.05 mmol, 0.050 equiv), 2-bromomesitylene (199 mg, 1.0 mmol), Na
+
7
−
 (691 mg, 5.0 mmol, 
5.0 equiv), and dioxane (2.0 mL) were combined and heated to 100 °C. After 7 h, the mixture 
was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed with ether. 
Purification by silica gel chromatography (20 cm × 20 mm, hexane) and C-18 reverse phase 
chromatography (20 cm × 10 mm, MeCN/H2O, 9:1) followed by Kugelrohr distillation afforded 
128 mg (80%) of 11l as a clear, colorless oil. Spectroscopic data matched those reported in the 
literature.
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Data for (11l): 
 bp: 100 °C (10 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
  6.86 (s, 2 H, HC(3)), 5.89 (ddt, J = 17.1, 10.1, 5.7 1 H, HC(6)), 4.99 (dq, J = 10.1, 
1.8, 1 H, HcisC(7)), 4.87 (dq, J = 17.1, 1.8, 1 H, HtransC(7)), 3.37 (dt, J = 5.7, 1.8, 2 
H, HC(5)), 2.27 (s, 9 H, HC(8), HC(9)). 
 13C NMR: (126 MHz, CDCl3) 
  136.8 C(6), 135.8 C(1), 135.6 C(4), 133.3 C(2), 129.0 C(3), 114.9 C(7), 33.6 
C(5), 21.1 C(8), 20.0 C(9). 
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 IR: (film) 
  3078 (w), 3002 (m), 2973 (m), 2946 (m), 2919 (m), 2861 (m), 2731 (w), 1637 
(m), 1613 (w), 1577 (w), 1559 (w), 1484 (m), 1444 (m), 1375 (w), 1257 (w), 
1200 (w), 1031 (w), 991 (w), 910 (m), 850 (m), 796 (w), 717 (w).  
MS: (EI, 70eV) 
 160 (M
+
, 83), 145 (100), 133 (16), 115 (12), 105 (11), 91 (10).  
 TLC: Rf 0.58 (pentane) [silica gel, UV] 
GC: tR: 5.14 min (99.7%) (GC Method 3). 
  
Preparation of Phenyl[4-(1E)1-propen-1-ylphenyl]methanone, ((E)-5m) 
Si
O-Na+
Me Me
+
APC (2.5 mol%)
DME, 85 oC
2.5 equiv O
1
2
3
4
5
6
7
8
9
10
11 12
MeBr
O  
Following General Procedure I, APC (9.2 mg, 0.025 mmol, 0.025 equiv), 4-
bromobenzophenone (301 mg, 1.0 mmol), Na
+
7
−
 (346 mg, 2.5 mmol, 2.5 equiv), and DME (2.0 
mL) were combined and heated to 85 °C. After 1 h, the mixture was cooled to rt, filtered through 
silica gel (2 cm × 2 cm) and the filter cake washed with ether. Purification by silica gel 
chromatography (30 cm × 30 mm, hexane/EtOAc, 100:0→20:1) afforded 169 mg (76%) of (E)-
5m as a pale-yellow solid. Spectroscopic data matched those reported in the literature.
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Data for ((E)-5m): 
mp: 62-63 °C 
 1H NMR: (400 MHz, CDCl3) 
  7.78 (m, 4 H, HC(7), HC(8)), 7.58 (m, 1 H, HC(9)), 7.48 (m, 2 H, HC(3)), 7.42 
(m, 2 H, HC(2)), 6.42 (m, 2 H, HC(10), HC(11)), 1.93 (d, J = 5.1, 3 H, HC(12)). 
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 13C NMR: (126 MHz, CDCl3) 
  196.2 C(5), 142.1 C(1), 137.9 C(6), 135.6 C(4), 132.2 C(9), 130.6 C(3), 130.3 
C(11), 129.9 C(7), 129.0 C(10), 128.2 C(8), 125.6 C(2), 18.7 C(12).  
 IR: (film) 
3041 (m), 1651 (s), 1602 (s), 1579 (w), 1447 (m), 1411 (m), 1317 (m), 1283 (s), 
1222 (m), 1208 (w), 1177 (m), 1150 (w), 968 (m), 957 (w), 939 (m), 924 (m), 861 
(w). 
MS: (EI, 70eV) 
 222 (M
+
, 73), 145 (100), 115 (23), 105 (20), 77 (19). 
 TLC: Rf 0.33 (hexanes/EtOAc, 20:1) [silica gel, UV] 
GC: tR: 7.99 min (GC Method 2). 
 
7.4. Detailed Experimental Procedures for Chapter 3 
Preparation of 1,1-Dimethyl-1-(2-buten-1-yl)silanol (15) 
Si
OH
Me Me
Si
Cl
Me Me
acetate buffer
pH = 5
ether, rt
Me Me
14 15  
To a single-necked, 1-L, round-bottom flask equipped with a magnetic stir bar was added 
399 mL of 1 M acetate buffer (pH = 5) and ether (40 mL). 2-butenyldimethylchlorosilane (10.0 
g, 60.5 mmol) was then dissolved in ether (40 mL) then added by pipette to the vigorously 
stirring, heterogeneous mixture of acetate buffer and ether. After being stirred for 5 min, the 
reaction mixture was then poured into a 1-L separatory funnel and diluted with ether (50 mL). 
The aqueous phase was separated and washed with ether (2 × 50 mL), The three separate organic 
extracts were then sequentially washed with sat. aq. NaHCO3 (50 mL) and the pH of the 
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resulting aqueous wash was checked with litmus paper to ensure alkalinity. The organic extracts 
were then washed with brine (50 mL), combined, dried over Na2SO4, and then filtered through a 
pad of silica gel (10 g). The filtrate was concentrated (ambient temp., 20 mm Hg) and the residue 
purified by column chromatography (silica gel, 30 mm × 20 cm, pentane/Et2O, 4:1). Fractions 
were combined, concentrated to ~20 mL (ambient temp., 20 mm Hg) and then was transferred to 
a dry box for conversion to its sodium salt.  
Data for (15): 
 bp: 149 C (760 mmHg) 
 TLC: Rf 0.24 (pentane/Et2O, 4:1) [silica gel, aqueous KMnO4] 
 
Preparation of Sodium 1,1-Dimethyl-1-(2-buten-1-yl)silanolate (Na
+
15
−
) 
Si
OH
Me Me
Si
ONa
Me Me
1
2
3
1'1'
Me Me
4NaH
THF, rt
15 Na
15  
In a dry box, washed NaH (1.84 g, 76.6 mmol, 1.1 equiv) and THF (20 mL) were 
combined in a 50-mL, single-neck, round-bottomed flask containing a magnetic stir bar. In a 
separate 50-mL, single-neck, round-bottomed flask containing 2-butenyldimethylsilanol (69.6 
mmol) was added THF (10 mL), this solution was then mixed and added drop-wise over 10 min 
to the stirred suspension of NaH. After being stirred for 30 min, the resulting mixture was 
filtered through a glass-fritted filter (medium, 3.5 cm × 4.5 cm) into a 100-mL Schlenk flask. 
The filtrate was concentrated (ambient temp., 20 mm Hg) to afford a colorless amorphous solid. 
Hexane (10 mL) was then added and the resulting solution was concentrated (ambient temp., 0.5 
mm Hg) to afford 8.58 g (81%) of Na
+
15
−
 as a white powder. 
Data for (Na
+
15
−
): 
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 1H NMR: (500 MHz, C6D6) 
  5.70 (m, 1 H, HC(2)), 5.42 (m, 1 H, HC(3)), 1.72 (dd, J = 6.3, 0.9, 3H, HC(4)), 
1.52 (d, J = 7.9, 2 H, HC(1)), 0.13 (s, 6 H, HC(1’)). 
 13C NMR: (126 MHz, C6D6) 
  131.3 C(2), 121.6 C(3), 28.3 C(1), 18.2 C(4), 3.1 (C(1’). 
 
Preparation of (E)-1,1-Dimethyl-1-(2-buten-1-yl)silanol ((E)-15) 
Si
OH
Me Me
Si
Cl
Me Me
acetate buffer
pH = 5
ether, rt
Me Me
(E)-14 (E)-15  
To a single-necked, 1-L, round-bottom flask equipped with a magnetic stir bar was added 
250 mL of 1 M acetate buffer (pH = 5) and ether (20 mL). (E)-2-butenyldimethylchlorosilane 
(5.84 g, 39.3 mmol) was then dissolved in ether (33 mL) then added by pipette to the vigorously 
stirring, heterogeneous mixture of acetate buffer and ether. After being stirred for 5 min, the 
reaction mixture was then poured into a 1-L separatory funnel and diluted with ether (50 mL). 
The aqueous phase was separated and washed with ether (2 × 50 mL), The three separate organic 
extracts were then sequentially washed with sat. aq. NaHCO3 (50 mL) and the pH of the 
resulting aqueous wash was checked with litmus paper to ensure alkalinity. The organic extracts 
were then washed with brine (50 mL), combined, dried over Na2SO4, and then filtered through a 
pad of silica gel (10 g). The filtrate was concentrated (ambient temp., 20 mm Hg) and the residue 
purified by column chromatography (silica gel, 30 mm x 20 cm, pentane/Et2O, 4:1). Fractions 
were combined, concentrated to ~20 mL (ambient temp., 20 mm Hg) and then was transferred to 
a dry box for conversion to its sodium salt.  
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Data for ((E)-13): 
 TLC: Rf 0.24 (pentane/Et2O, 4:1) [silica gel, aqueous KMnO4] 
 
Preparation of Sodium (E)-1,1-Dimethyl-1-(2-buten-1-yl)silanolate ((E)-Na
+
15
−
) 
Si
OH
Me Me
Si
ONa
Me Me
1
2
3
1'1'
Me Me
4NaH
THF, rt
(E)-15 (E )-Na15  
In a dry box, washed NaH (1.04 g, 43.2 mmol, 1.1 equiv) and THF (10 mL) were 
combined in a 50-mL, single-neck, round-bottomed flask containing a magnetic stir bar. In a 
separate 50-mL, single-neck, round-bottomed flask containing (E)-2-butenyldimethylsilanol 
(39.3 mmol) was added THF (10 mL), this solution was then mixed and added drop-wise over 10 
min to the stirred suspension of NaH. After being stirred for 30 min, the resulting mixture was 
filtered through a glass-fritted filter (M, 3.5 cm × 4.5 cm) into a 100-mL Schlenk flask. The 
filtrate was concentrated (ambient temp., 20 mm Hg) to afford a colorless amorphous solid. 
Hexane (10 mL) was then added and the resulting solution was concentrated (ambient temp., 0.5 
mm Hg) to afford 5.00 g (84%) of (E)-Na
+
15
−
 as a white powder. 
Data for ((E)-Na
+
15
−
): 
 1H NMR: (500 MHz, C6D6) 
  5.70 (m, 1 H, HC(2)), 5.42 (m, 1 H, HC(3)), 1.72 (dd, J = 6.3, 1.2, 3H, HC(4)), 
1.52 (d, J = 7.9, 2 H, HC(1)), 0.13 (s, 6 H, HC(1’)). 
 13C NMR: (126 MHz, C6D6) 
 131.6 C(2), 121.7 C(3), 28.5 C(1), 18.4 C(4), 3.2 (C(1’). 
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Preparation of (Z)-1,1-Dimethyl-1-(2-buten-1-yl)silanol ((Z)-15) 
Si
OH
Me Me
Si
Cl
Me Me
acetate buffer
pH = 5
ether, rt
(Z)-14 (Z)-15
Me Me
 
To a single-necked, 1-L, round-bottom flask equipped with a magnetic stir bar was added 
198 mL of 1 M acetate buffer (pH = 5) and ether (15 mL). (Z)-2-Butenyldimethylchlorosilane 
(4.46 g, 30.0 mmol) was then dissolved in ether (25 mL) then added by pipette to the vigorously 
stirring, heterogeneous mixture of acetate buffer and ether. After being stirred for 5 min, the 
reaction mixture was then poured into a 1-L separatory funnel and diluted with ether (50 mL). 
The aqueous phase was separated and washed with ether (2 × 50 mL), The three separate organic 
extracts were then sequentially washed with sat. aq. NaHCO3 (50 mL) and the pH of the 
resulting aqueous wash was checked with litmus paper to ensure alkalinity. The organic extracts 
were then washed with brine (50 mL), combined, dried over Na2SO4, and then filtered through a 
pad of silica gel (10 g). The filtrate was concentrated (ambient temp., 20 mm Hg) and the residue 
purified by column chromatography (silica gel, 30 mm × 20 cm, pentane/Et2O, 4:1). Fractions 
were combined, concentrated to ~20 mL (ambient temp., 20 mm Hg) and then was transferred to 
a dry box for conversion to its sodium salt.  
Data for ((Z)-15): 
 TLC: Rf 0.24 (pentane/Et2O, 4:1) [silica gel, aqueous KMnO4] 
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Preparation of Sodium (Z)-1,1-Dimethyl-1-(2-buten-1-yl)silanolate ((Z)-Na
+
15
−
) 
Si
OH
Me Me
Si
ONa
Me Me
1
2
3
1'1'
4
NaH
THF, rt
(Z)-15 (Z)-Na15
Me Me
 
In a dry box, washed NaH (800 mg, 33.0 mmol, 1.1 equiv) and THF (10 mL) were 
combined in a 50-mL, single-neck, round-bottomed flask containing a magnetic stir bar. In a 
separate 50-mL, single-neck, round-bottomed flask containing (Z)-2-butenyldimethylsilanol 
(30.0 mmol) was added THF (10 mL), this solution was then mixed and added drop-wise over 10 
min to the stirred suspension of NaH. After being stirred for 30 min, the resulting mixture was 
filtered through a glass-fritted filter (M, 3.5 cm × 4.5 cm) into a 100-mL Schlenk flask. The 
filtrate was concentrated (ambient temp., 20 mm Hg) to afford a colorless amorphous solid. 
Hexane (10 mL) was then added and the resulting solution was concentrated (ambient temp., 0.5 
mm Hg) to afford 3.88 g (85%) of (Z)-Na
+
15
−
 as a colorless solid. 
Data for ((Z)-Na
+
15
−
): 
 1H NMR: (500 MHz, C6D6) 
  5.74 (m, 1 H, HC(2)), 5.49 (m, 1 H, HC(3)), 1.66 (d, J = 6.6, 3H, HC(4)), 1.55 (d, 
J = 8.6, 2 H, HC(1)), 0.12 (s, 6 H, HC(1’)). 
 13C NMR: (126 MHz, C6D6) 
 130.1 C(2), 120.6 C(3), 23.3 C(1), 12.9 C(4), 3.6 (C(1’). 
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General Procedure I. Preparative Cross-Coupling of Sodium 2-Butenyldimethylsilanolate with 
Aryl Bromides 
Si
O

Na

Me Me
+
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene (0.5 M), 70 oC
2.0 equiv 1.0 equiv
Br
R R
Me
Me
 
To an oven dried, 5-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, equipped with a reflux condenser and an argon inlet capped with a septum was added 
Pd(dba)2 (28.8 mg, 0.05 mmol, 0.05 equiv). The flask was then sequentially evacuated and filled 
with argon three times. The aryl bromide (1.0 mmol) was then added by syringe. Sodium 2-
butenyldimethylsilanolate (308 mg, 2.0 mmol, 2.0 equiv), pre-weighed into a 10-mL, two-
necked, round-bottomed flask in a dry-box, was then dissolved in toluene (2.0 mL) and then 
norbornadiene (nbd, 5.2 L, 0.05 mmol, 0.050 equiv) was added by syringe. The solution of 
Na
+
13
−
 and nbd in toluene was then added to the aryl bromide by syringe. The reaction mixture 
was heated under argon to 70 °C in a preheated oil bath. After complete consumption of the aryl 
bromide was observed by GC analysis, the mixture was cooled to rt, filtered through silica gel (2 
cm × 2 cm) in a glass-fritted filter (C, 2 cm × 5 cm) and the filter cake washed with ether (3 × 10 
mL). The filtrate was concentrated (ambient temp., 20 mm Hg) and the residue was purified by 
column chromatography (silica gel or C-18 reverse phase) followed by Kugelrohr distillation or 
recrystallization to afford the product. 
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General Procedure II. Small-scale Cross-coupling of Sodium 2-Propenyldimethylsilanolate or 
Sodium 2-Butenyldimethylsilanolate with Aryl Bromides (Bench-Top Set-Up) 
Si
ONa
Me Me
+
[Pd] (loading)
ligand (loading)
solvent, temp
Br
R R
Me
Me
 
In a 5-mL, single-necked, round-bottomed flask containing a magnetic stir bar, equipped 
with a reflux condenser was combined palladium catalyst, ligand, and biphenyl (internal 
standard). The flask was then sequentially evacuated and filled with argon three times. The aryl 
bromide (1.0 equiv) was then added by syringe. The silanolate pre-weighed into a 10-mL, two-
necked, round-bottomed flask in a dry-box, was then dissolved in solvent, and added to the aryl 
bromide by syringe. The reaction mixture was heated under argon in a preheated oil bath. 
Aliquots (50 L) were removed from the reaction mixture by syringe, quenched with 10% 2-
(dimethylamino)ethanethiol hydrochloride solution (0.25 mL), and were extracted with EtOAc (1 
mL). The organic extract was then filtered through a small plug of silica gel (0.5 cm × 1.0 cm) 
and the filter cake washed with EtOAc (0.5 mL). The sample was then analyzed by GC. 
 
Preparation of 1-(1-Methyl-2-propen-1-yl)naphthalene (1a)  
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
1
3
4
5
6
7
8
9 10
11
12Me
2
13
14
Br
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 1-
bromonaphthalene (207 mg, 1.0 mmol), Na
+
15
−
 (386 mg, 2.5 mmol, 2.5 equiv), nbd (5.2 L, 
0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 °C. After 6 h, 
the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed 
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with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, pentane) 
followed by Kugelrohr distillation afforded 116 mg (63%) of 1a as a clear, colorless oil. 
Spectroscopic data matched those reported in the literature.
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Data for (1a): 
 bp: 120 °C (1 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
8.15 (d, J = 8.4, 1 H, HC(9)), 7.88 (d, J = 7.9, 1 H, HC(6)), 7.74 (d, J = 8.1, 1 H, 
HC(4)), 7.49 (m, 4 H, HC(2), HC(3), HC(7), HC(8)), 6.18 (ddd, J = 17.7, 10.0, 
5.8 1 H, HC(13)), 5.15 (m, 2 H, HC(14)), 4.32 (ap, J = 7.0, 1 H, HC(12)), 1.53 (d, 
J = 7.0, 3 H, HC(11)). 
 13C NMR: (126 MHz, CDCl3) 
143.1 C(13), 141.7 C(1), 134.2 C(5), 131.7 C(10), 129.1 C(6), 127.0 C(4), 126.0 
C(3), 125.8 C(9), 125.6 C(7), 123.9 C(8), 123.7 C(2), 113.9 C(14), 38.1 C(12), 
20.5 C(11). 
 IR: (film) 
3048 (m), 2967 (m), 2931 (m), 2874 (m), 1923 (w), 1830 (w), 1700 (w), 1684 
(w), 1653 (w), 1636 (m), 1596 (m), 1509 (m), 1452 (m), 1410 (m), 1395 (m), 
1369 (m), 1250 (m), 1235 (w), 1167 (w), 1016 (m), 997 (m), 912 (m), 859 (w), 
797 (m), 777 (m).  
MS: (EI, 70eV) 
 182 (M
+
, 63), 167 (100), 152 (24), 128 (13). 
TLC: Rf 0.42 (pentane) [silica gel, UV] 
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 GC: -tR: 6.50 min, -tR: 6.67 and 6.78 min (13:1 [1.5:1], :E or Z]) (GC Method 
3). 
 
Preparation of 1-Methoxy-4-(1-methyl-2-propen-1-yl)benzene (1b) 
Si
O

Na

Me Me
+
2.0 equiv
Br
MeO
1
2
3
4
5
7
8
9
Me
6
O
MeMe
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 4-
bromoanisole (187 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 0.05 
mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 85 °C. After 6 h, the 
mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed with 
ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, hexane/EtOAc, 
100:0→20:1) followed by Kugelrohr distillation afforded 58 mg (36%) of 1b as a clear, colorless 
oil. Spectroscopic data matched those reported in the literature.
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Data for (1b): 
 bp: 120 °C (10 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
7.14 (m, 2 H, HC(3)), 5.99 (m, 2 H, HC(2)), 5.99 (ddd, J = 16.9, 10.3, 6.4, 1 H, 
HC(7)), 5.03 (m, 2 H, HC(8)), 3.80 (s, 3 H, HC(9)), 3.43 (ap, J = 7.0, 1 H, 
HC(6)), 1.35 (d, J = 7.0, 3 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
158.2 C(4), 143.9 C(7), 137.9 C(1), 128.4 C(2), 114.0 C(8), 113.0 C(3), 55.5 
C(9), 42.6 C(6), 21.1 C(5). 
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 IR: (film) 
2962 (m), 2834 (m), 1653 (w), 1636 (m), 1610 (m), 1583 (m), 1512 (m), 1458 
(m), 1420 (w), 1369 (w), 1245 (m), 1178 (m), 1109 (w), 1038 (m), 912 (m), 830 
(m), 739 (w). 
MS: (EI, 70eV) 
 162 (M
+
, 62), 147 (100), 131 (12), 115 (11), 91 (27). 
 TLC: Rf 0.43 (hexane/EtOAc, 20:1) [silica gel, UV] 
 GC: -tR: 5.15 min, -tR: 5.45 and 5.53 min (29:1 [2.7:1], :E or Z]) (GC Method 
3). 
 
Preparation of N,N-Dimethyl-4-(1-Methyl-2-propen-1-yl)benzenamine (1g) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
Br
Me2N
1
2
3
4
5
7
8
9
Me
6
N
Me
Me
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 4-bromo-
N,N-dimethylaniline (200 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 
0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 85 °C. After 20 h, 
the mixture was cooled to rt, filtered through silica gel (2 cm x 2 cm) and the filter cake washed 
with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, 
pentane/ether, 100:0→20:1) followed by Kugelrohr distillation afforded 58 mg (33%) of 1g as a 
clear, colorless oil. 
Data for (1g): 
 bp: 110 °C (10 mmHg, ABT) 
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 1H NMR: (500 MHz, CDCl3) 
7.11 (m, 2 H, HC(3)), 6.74 (m, 2 H, HC(2)), 6.00 (ddd, J = 17.0, 10.3, 6.5, 1 H, 
HC(7)), 5.02 (m, 2 H, HC(8)), 3.40 (ap, J = 7.0, 1 H, HC(6)), 2.93 (s, 6 H, 
HC(9)), 1.35 (d, J = 7.0, 3 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
144.2 C(7), 128.0 C(1), 126.9 C(2), 113.3 C(8), 112.6 C(3), 42.4 C(9), 41.2 C(6), 
21.0 C(5). 
 IR: (film) 
2963 (m), 2874 (w), 2798 (w), 1614 (m), 1521 (s), 1477 (w), 1444 (w), 1347 (m), 
1224 (w), 1165 (w), 1060 (w), 948 (w), 910 (w), 817 (m). 
MS: (EI, 70eV) 
 175 (M
+
, 100), 160 (98), 144 (20), 115 (12). 
 HRMS: (EI, 70eV) 
 calc for C12H17N (M
+
): 175.1361; found: 175.1363 
 TLC: Rf 0.30 (pentane/ether, 20:1) [silica gel, UV] 
 GC: -tR: 6.00 min, -tR: 6.30, 6.52 min (8.5:1 [1.4:1], :E or Z]) (GC Method 3). 
 
Preparation of 1-[[(Triethylsilyl)oxy]methyl]-3-(1-methyl-2-propen-1-yl)benzene (1i) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
1
2
3
4
5
6
7
8
9
O Si
Me
Me
Me
10
11
12
Me
13
Br
O Si
Me
Me
Me
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), triethylsilyl 
3-bromobenzyl ether (301 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 
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0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 
o
C. After 4 h, 
the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed 
with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, 
hexane/EtOAc, 100:0→20:1) followed by Kugelrohr distillation afforded 218 mg (79%) of 1i as 
a clear, colorless oil. 
Data for (1i): 
 bp: 145 °C (1.0 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
7.27 (t, J = 7.6, 1 H, HC(5)), 7.18 (m, 2 H, HC(4) and HC(6)), 7.10 (d, J = 7.6, 1 
H, HC(2)), 6.00 (ddd, J = 17.1, 10.3, 6.8, 1 H, HC(9)), 5.04 (m, 2 H, HC(10)), 
4.72 (s, 2 H, HC(11)), 3.47 (ap, J = 6.8, 1 H, HC(8)), 1.36 (d, J = 6.8, 3 H, 
HC(7)), 0.98 (t, J = 7.9, 9 H, HC(13)), 0.65 (q, J = 7.9, 6 H, HC(12)). 
 13C NMR: (126 MHz, CDCl3) 
145.5 C(1), 143.2 C(9), 141.4 C(3), 128.3 C(4), 125.9 C(6), 124.1 C(5), 123.3 
C(2), 113.0 C(10), 64.8 C(11), 43.2 C(8), 20.7 C(7), 6.8 C(13), 4.5 C(12). 
 IR: (film) 
2956 (m), 2875 (m), 1636 (w), 1607 (w), 1487 (w), 1457 (w), 1457 (w), 1413 
(m), 1372 (w), 1239 (w), 1160 (w), 1082 (m), 1016 (m), 911 (w), 819 (w), 741 
(m), 704 (w). 
MS: (EI, 70eV) 
275 (M-1, 8), 261 (36), 247 (79), 217 (11), 205 (22), 191 (12), 165 (14), 145 (36), 
131 (42), 117 (33), 103 (100), 91 (22), 75 (72). 
 TLC: Rf 0.41 (hexane/EtOAc, 20:1) [silica gel, UV] 
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 GC: -tR: 7.25 min, -tR: 7.43 and 7.52 min (15:1 [2.4:1], :E or Z]) (GC Method 
3). 
 
Preparation of 2-(1-Methyl-2-propen-1-yl)naphthalene (1j) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
1 2
3
4
57
8 9
Me
6
10
11
12
13
14
Br
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 2-
bromonaphthalene (207 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 
0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 °C. After 6 h, 
the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed 
with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, pentane) and 
C-18 reverse phase chromatography (20 cm × 10 mm, MeOH/H2O, 9:1) followed by Kugelrohr 
distillation afforded 145 mg (80%) of 1j as a clear, colorless oil. Spectroscopic data matched 
those reported in the literature.
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Data for (1j): 
 bp: 160 °C (5 mmHg, ABT) 
 1H NMR:  (500 MHz, CDCl3) 
7.80 (m, 3 H, HC(4), HC(6), HC(9)), 7.66 (s, 1 H, HC(1)), 7.45 (m, 2 H, HC(3), 
HC(8)), 7.38 (m, 1 H, HC(7)), 6.10 (ddd, J = 16.9, 10.3, 6.9, 1 H, HC(13)), 5.11 
(m, 2 H, HC(14)), 3.65 (ap, J = 6.9, 1 H, HC(12)), 1.47 (d, J = 6.9, 3 H, HC(11)). 
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 13C NMR: (126 MHz, CDCl3) 
143.4 C(13), 143.2 C(2), 133.9 C(10), 132.4 C(5), 128.2 C(4), 127.9 C(9), 127.8 
C(6), 126.5 C(1), 126.1 C(8), 125.5 C(7), 125.4 C(3), 113.7 C(14), 43.5 C(12), 
20.9 C(11).  
 IR: (film) 
3055 (m), 3013 (w), 2965 (m), 2930 (w), 2874 (w), 1632 (w), 1600 (w), 1507 (w), 
1452 (w), 1412 (w), 1374 (w), 1257 (m), 1126 (w), 1032 (m), 997 (w), 963 (w), 
949 (w), 912 (m), 893 (w), 855 (m), 817 (s), 748 (s).  
MS: (EI, 70eV) 
 182 (M
+
, 69), 167 (100), 152 (22), 128 (11). 
 TLC: Rf 0.39 (pentane) [silica gel, UV] 
 GC: -tR: 6.50 min, -tR: 6.71 and 6.79 min (25:1 [1.9:1], :E or Z]) (GC Method 
3). 
 
Preparation of 2-Methoxy-6-(1-methyl-2-propen-1-yl)naphthalene (1k) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
1
2
3
4
5
7
8
9
Me11
12
13
14
MeO
6
15
10
Br
MeO
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 2-bromo-6-
methoxynaphthalene (237 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 
0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 °C. After 3 h, 
the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed 
with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, 
pentane/ether/CH2Cl2, 99:0:1→97:2:1) followed by Kugelrohr distillation afforded 146 mg 
145 
 
(69%) of 1k as a clear, colorless oil. Spectroscopic data matched those reported in the 
literature.
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Data for (1k): 
 bp: 170 °C (5 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
7.70 (dd, J = 8.5, 2.4, 2 H, HC(3), HC(8)), 7.58 (s, 1 H, HC(5)), 7.34 (dd, J = 8.5, 
1.8, 1 H, HC(7)), 7.13 (m, 2 H, HC(2), HC(10)), 6.09 (ddd, J = 16.8, 10.3, 6.4, 1 
H, HC(13)), 5.09 (m, 2 H, HC(14)), 3.92 (s, 3 H, HC(15)), 3.61 (ap, J = 7.0, 1 H, 
HC(12)), 1.45 (d, J = 7.0, 3 H, HC(11)). 
 13C NMR: (126 MHz, CDCl3) 
157.5 C(1), 143.6 C(13), 140.9 C(6), 133.4 C(9), 129.4 C(4), 129.3 C(3), 127.1 
C(5), 127.0 C(8), 125.3 C(7), 118.9 C(2), 113.5 C(14), 105.9 C(10), 55.5 C(15), 
43.3 C(12), 20.9 C(11). 
 IR: (film) 
3057 (w), 3000 (w), 2963 (m), 2838 (w), 1636 (m), 1606 (s), 1506 (m), 1483 (m), 
1464 (w), 1437 (w), 1415 (w), 1391 (m), 1369 (w), 1266 (m), 1231 (m), 1214 
(m), 1195 (w), 1177 (w), 1162 (m), 1034 (m), 927 (w), 912 (w), 889 (w), 851 (m), 
810 (m). 
MS: (EI, 70eV) 
 236 (M
+
, 98), 197 (100), 165 (49), 153 (28), 141 (13), 113 (33), 84 (22).  
 TLC: Rf 0.29 (pentane/ether/CH2Cl2, 97/2:1) [silica gel, UV] 
 GC: -tR: 7.44 min, -tR: 7.64 and 7.74 min (24:1 [1.5:1], :E or Z]) (GC Method 
3). 
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Preparation of [4-(1-Methyl-2-propen-1-yl)phenyl]phenylmethanone (1m) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
O
1
2
3
4
5
6
7
8
9
Me 10
11
12
13
Br
O  
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 4-
bromobenzophenone (261 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 
0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 °C. After 20 h, 
the mixture was cooled to rt, filtered through silica gel (2 cm x 2 cm) and the filter cake washed 
with ether (3 x 10 mL). Purification by silica gel chromatography (20 cm x 20 mm, 
hexane/EtOAc, 100:0→20:1) followed by Kugelrohr distillation afforded 187 mg (81%) of 1m 
as a clear, colorless oil. Spectroscopic data matched those reported in the literature.
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Data for (1m): 
 bp: 170 °C (5 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
7.79 (m, 4 H, HC(7), HC(8)), 7.58 (m, 1 H, HC(9)), 7.48 (m, 2 H, HC(3)), 7.33 
(m, 2 H, HC(2)), 6.02 (m, 1 H, HC(12)), 5.10 (m, 2 H, HC(13)), 3.56 (ap, J = 7.0, 
1 H, HC(11)), 1.41 (d, J = 7.0, 3 H, HC(10)). 
 13C NMR: (126 MHz, CDCl3) 
196.7 C(5), 150.8 C(1), 142.5 C(12), 138.1 C(4), 135.8 C(6), 132.5 C(9), 130.7 
C(7), 130.2 C(3), 128.5 C(8), 127.5 C(2), 114.2 C(13), 43.5 C(11), 20.8 C(10).  
 IR: (film) 
3059 (m), 2967 (m), 2930 (m), 2875 (m), 1653 (s), 1604 (s), 1577 (m), 1447 (m), 
1412 (m), 1370 (w), 1316 (s), 1278 (s), 1177 (m), 1149 (m), 1111 (w), 1070 (m), 
1017 (m), 1000 (m), 938 (m), 923 (m), 850 (m), 795 (m), 738 (m), 700 (m). 
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MS: (EI, 70eV) 
 236 (M
+
, 96), 159 (66), 131 (27), 105 (100), 77 (45). 
TLC: Rf 0.24 (hexane/EtOAc, 20:1) [silica gel, UV] 
 GC: -tR: 8.24 min, -tR: 8.48 and 8.61 min (14:1 [3.4:1], :E or Z]) (GC Method 
3). 
 
Preparation of 1-(1-Methyl-2-propen-1-yl)4-(trifluoromethyl)benzene (1n) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C 1
2
3
4
5
7
8
9
Me
6
F3C
Br
F3C
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 4-
bromobenzotrifluoride (225 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 
0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 °C. After 4 h, 
the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed 
with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, 
hexane/ether, 100:0 →10:3) followed by Kugelrohr distillation afforded 130 mg (65%) of 1n as 
a clear, colorless oil. 
Data for (1n): 
 bp: 95 °C (10 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
7.56 (m, 2 H, H(C(3)), 7.33 (m, 2 H, HC(2)), 5.98 (m, 1 H, HC(7)), 5.07 (m, 2 H, 
HC(8)), 3.53 (s, 3 H, HC(9)), 3.43 (ap, J = 7.0, 1 H, HC(6)), 1.38 (d, J = 7.0, 3 H, 
HC(5)). 
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 13C NMR: (126 MHz, CDCl3) 
151.1 C(4), 141.5 C(7), 132.3 C(2), 128.2 q, J = 274, C(9), 128.1 C(3), 114.48 
C(1), 114.47 C(8), 43.2 C(6), 20.4 C(5) 
 IR: (film) 
3080 (w), 2973 (w), 2924 (w), 2877 (w), 1693 (w), 1636 (w), 1607 (m), 1503 (w), 
1454 (w), 1412 (w), 1261 (w), 1178 (w), 1070 (w), 1018 (w), 914 (m), 839 (m). 
MS: (EI, 70eV) 
 200 (M
+
, 48), 185 (64), 165 (48), 149 (16), 131 (100), 115 (26), 55 (28). 
 TLC: Rf 0.69 (hexane/ether, 10/3) [silica gel, UV] 
 GC: -tR: 3.39 min, -tR: 3.96 and 4.09 min (12:1 [2.2:1], :E or Z]) (GC Method 
3). 
 
Preparation of 4-(1-Methyl-2-propen-1-yl)benzoic Acid, 1,1-Dimethylethyl Ester (1o) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
O
O
1
2
3
4
5
6
7
8
9
Me
Me
Me
Me
10
11
Br
O
O
Me
Me
Me  
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 4-bromo-
tert-butylbenzoate (257 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 
0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 °C. After 6 h, 
the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed 
with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, 
hexane/EtOAc, 100:0→20:1) followed by Kugelrohr distillation afforded 155 mg (67%) of 1o as 
a clear, colorless oil. 
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Data for (1o): 
 bp: 155 °C (5 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
7.93 (m, 2 H, HC(3)), 7.26 (m, 2 H, HC(2)), 5.98 (ddd, J = 17.7, 9.8, 6.4, 1 H, 
HC(7)), 5.05 (m, 2 H, HC(8)), 3.51 (ap, J = 7.0 1 H, HC(6)), 1.59 (s, 9 H, 
HC(11)), 1.37 (d, J = 7.0, 3 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
166.0 C(9), 150.6 C(1), 142.7 C(7), 130.2 C(4), 129.9 C(3), 127.4 C(2), 114.0 
C(8), 81.0 C(10), 43.3 C(6), 28.5 C(11), 20.8 C(5). 
 IR: (film) 
2975 (m), 2931 (m), 1718 (s), 1700 (m), 1636 (w), 1610 (m), 1578 (w), 1507 (w), 
1477 (m), 1457 (m), 1413 (m), 1392 (m), 1368 (m), 1291 (s), 1256 (m), 1167 (m), 
1117 (m), 1017 (m), 915 (m), 849 (m), 771 (m), 708 (m).  
MS: (EI, 70eV 
 232 (M
+
, 12), 176 (48), 159 (53), 131 (100), 117 (37), 84 (18).  
 TLC: Rf 0.33 (hexane/EtOAc, 20:1) [silica gel, UV] 
 GC: -tR: 6.70 min, -tR: 6.88 and 6.95 min (25:1 [3.2:1], :E or Z]) (GC Method 
3). 
 Analysis: C15H20O2 (232.32) 
 Calcd: C, 77.55;  H, 8.68 
 Found: C, 77.28;  H, 8.72 
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Preparation of 1,3-Dimethyl-5-(1-methyl-2-propenyl)benzene (1q) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
1
2
3
4
5
7
8
9 Me
Me 6
Me
BrMe
Me  
Following General Procedure I, Pd(dba)2 (57.6 mg, 0.10 mmol, 0.050 equiv), 5-bromo-o-
xylene (370 mg, 2.0 mmol), Na
+
15
−
 (617 mg, 4.0 mmol, 2.0 equiv), nbd (10.4 L, 0.10 mmol, 
0.050 equiv), and toluene (4.0 mL) were combined and heated to 70 °C. After 3 h, the mixture 
was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed with ether (3 
× 10 mL). Purification by silica gel chromatography (20 cm × 30 mm, pentane) followed by 
Kugelrohr distillation afforded 215 mg (69%) of 1q as a clear, colorless oil. Spectroscopic data 
matched those reported in the literature.
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Data for (1q): 
 bp: 140 °C (10 mmHg, ABT) 
 1H NMR:  (500 MHz, CDCl3) 
6.88 (m, 3 H, HC(2), HC(4)), 6.04 (ddd, J = 17.1, 10.3, 6.5, 1 H, HC(7)), 5.08 (m, 
2 H, HC(8)), 3.43 (ap, J = 7.0, 1 H, HC(6)), 2.34 (s, 6 H, HC(9)), 1.38 (d, J = 7.0, 
3 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
145.8 C(1), 143.7 C(7), 138.1 C(3), 128.0 C(4), 125.3 C(2), 113.1 C(8), 43.4 
C(6), 21.6 C(9), 21.0 C(5). 
 IR: (film) 
3081 (w), 3013 (m), 2965 (s), 2918 (m), 2870 (m), 2730 (w), 1636 (w), 1602 (m), 
1454 (m), 1410 (m), 1370 (w), 1305 (w), 1257 (m), 1164 (w), 1036 (m), 997 (m), 
964 (w), 911 (m), 848 (s), 819 (m), 799 (m), 719 (m), 702 (m).  
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MS: (EI, 70eV) 
 160 (M
+
, 52), 145 (100), 130 (19), 115 (10). 
 TLC: Rf 0.54 (pentane) [silica gel, UV] 
 GC: -tR: 4.80 min, -tR: 5.13 and 5.23 min (21:1 [1.6:1], :E or Z]) (GC Method 
3). 
 
Preparation of 1-[[(1,1-Dimethylethyl)dimethylsilyl]oxy]-4-(1-methyl-2-propen-1-yl)benzene 
(1r) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C 1
2
3
4
5
7
8
9
Me
6
O
Si
Me
Me
Me
Me
Me
10
11
Br
O
Si
Me
Me
Me
Me
Me
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 4-
bromophenol tert-butyldimethylsilyl ether (287 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 
equiv), nbd (5.2 L, 0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated 
to 70 °C. After 8 h, the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the 
filter cake washed with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 
mm, hexane/DCM, 4:1) followed by Kugelrohr distillation afforded 199 mg (76%) of 1r as a 
clear, colorless oil. 
Data for (1r): 
 bp: 145 °C (5 mmHg, ABT) 
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 1H NMR: (500 MHz, CDCl3) 
7.06 (m, 2 H, HC(3)), 6.77 (m, 2 H, HC(3)), 5.98 (ddd, J = 17.0, 10.3, 6.4, 1 H, 
HC(7)), 5.01 (m, 2 H, HC(8)), 3.41 (ap, J = 7.0, 1 H, HC(6)), 1.33 (d, J = 7.0, 3 
H, HC(5)), 0.98 (s, 9 H, HC(11)), 0.19 (s, 6 H, HC(9)). 
 13C NMR: (126 MHz, CDCl3) 
153.8 C(4), 143.7 C(7), 138.1 C(1), 128.1 C(3), 119.8 C(2), 112.7 C(8), 42.4 
C(6), 25.7 C(11), 20.8 C(5), 18.2 C(10), -4.4 C(9). 
 IR: (film) 
2959 (m), 2930 (m), 2885 (w), 2859 (m), 1636 (w), 1607 (w), 1509 (s), 1472 (m), 
1463 (w), 1390 (w), 1362 (w), 1257 (s), 1171 (w), 917 (s), 839 (s), 808 (m).  
MS: (EI, 70eV) 
 262 (M
+
, 46), 205 (100), 163 (27), 151 (26), 73 (18), 55 (28). 
 HRMS: (EI, 70eV) 
 calc for C16H26OSi (M
+
): 262.1753; found: 262.1752 
 TLC: Rf 0.40 (hexane/DCM, 4:1) [silica gel, UV] 
 GC: -tR: 6.73 min, -tR: 6.92 and 7.00 min (13:1 [2.6:1], :E or Z]) (GC Method 
3). 
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Preparation of 5-(1-Methyl-2-propen-1-yl)1H-indole-1-carboxylic Acid 1,1-Dimethylethyl Ester 
(1s) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
1
2 3
4 5
7
8
9Me
6N
O
O
Me
Me Me
10
11
12
13
14
15
Br
N
O
O
Me
Me Me
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 6-bromo-N-
boc-indole (296 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 0.05 mmol, 
0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 °C. The reaction was 
monitored by TLC. After 3.5 h, the mixture was cooled to rt, filtered through silica gel (2 cm × 2 
cm) and the filter cake washed with ether (3 × 10 mL). Purification by silica gel chromatography 
(20 cm x 20 mm, hexane/EtOAc, 100:0→20:1) afforded 225 mg (83%) of 1s as a clear, colorless 
oil.  
Data for (1s): 
 1H NMR: (500 MHz, CDCl3) 
8.07 (d, J = 7.7, 1 H, HC(7)), 7.59 (d, J = 3.3, 1 H, HC(4)), 7.41 (d, J = 1.7, 1 H, 
HC(1)), 7.20 (m, 1 H, HC(6)), 6.54 (d, J = 3.7, 1 H, HC(2)), 6.08 (m, 1 H, 
HC(11)), 5.07 (m, 2 H, HC(12)), 3.58 (ap, J = 7.0, 1 H, HC(10)), 1.68 (s, 9 H, 
HC(15)), 1.43 (d, J = 7.0, 3 H, HC(9)); (19:1 [1.9:1], :E or Z]). 
 13C NMR: (126 MHz, CDCl3) 
149.8 C(13), 143.7 C(11), 140.0 C(3), 133.7 C(5), 130.8 C(8), 126.0 C(1), 123.9 
C(4), 119.1 C(6), 115.0 C(12), 112.8 C(7), 107.2 C(2), 83.5 C(14), 43.0 C(10), 
28.2 C(15), 21.1 C(9). 
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 IR: (film) 
3151 (w), 3081 (w), 2976 (m), 2932 (w), 2872 (w), 1732 (s), 1636 (w), 1580 (w), 
1538 (w), 1471 (s), 1373 (s), 1349 (s), 1253 (s), 1193 (m), 1163 (s), 1136 (s), 
1084 (m), 1041 (m), 1023 (m), 998 (w), 911 (m), 885 (w), 838 (w), 820 (w), 767 
(w). 
MS: (EI, 70eV) 
271 (M
+
, 49), 215 (99.7), 200 (59), 171 (49), 156 (100), 129 (13), 117 (11), 84 
(16). 
 HRMS: (EI, 70eV) 
 calc for C17H21NO2 (M
+
): 271.1572; found: 271.1572 
 TLC: Rf 0.32 (hexane/EtOAc, 20:1) [silica gel, UV] 
 
Preparation of 1-Chloro-4-(1-methyl-2-propenyl)benzene (1t) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C 1
2
3
4
5
7
8
Me
6
Cl
Br
Cl
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 4-
bromochlorobenzene (191 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 
0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 °C. After 5 h, 
the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed 
with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, hexane) 
followed by Kugelrohr distillation afforded 111 mg (67%) of 1t as a clear, colorless oil. 
Spectroscopic data matched those reported in the literature.
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Data for (1t): 
 bp: 105 °C (10 mmHg, ABT) 
 1H NMR:  (500 MHz, CDCl3) 
7.29 (m, 2 H, H(C(2)), 5.16 (m, 2 H, HC(3)), 5.98 (m, 1 H, HC(7)), 5.06 (m, 2 H, 
HC(8)), 3.47 (ap, J = 7.0. 1 H, HC(6)), 1.36 (d, J = 7.0, 3 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
144.0 C(4), 142.7 C(7), 131.7 C(1), 128.6 C(2), 128.5 C(3), 113.5 C(8), 42.5 
C(6), 20.6 C(5). 
 IR: (film) 
3076 (w), 2969 (m), 2924 (w), 2872 (w), 1684 (w), 1636 (w), 1592 (w), 1491 (s), 
1454 (w), 1406 (m), 1370 (w), 1258 (m), 1093 (s), 1014 (s), 916 (m), 828 (s). 
MS: (EI, 70eV) 
166 (M
+
, 49), 151 (71), 139 (41), 131 (100), 115 (57), 103 (18), 91 (15), 75 (17), 
63 (10). 
 TLC: Rf 0.53 (hexane) [silica gel, KMnO4] 
 GC: -tR: 4.80 min, -tR: 5.14 and 5.24 min (12:1 [3.4:1], :E or Z]) (GC Method 
3). 
 
Preparation of 4-(1-Methyl-2-propenyl)benzonitrile (1u) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
1
2
3
4
5
7
8
Me
6
NC
9
Br
NC
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 4-
bromobenzonitrile (182 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 
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0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 °C. After 8 h, 
the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed 
with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, 
hexane/EtOAc, 100:0→20:1) followed by Kugelrohr distillation afforded 102 mg (65%) of 1u as 
a clear, colorless oil. Spectroscopic data matched those reported in the literature.
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Data for (1u): 
 bp: 105 °C (10 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
7.59 (m, 2 H, H(C(2)), 7.32 (m, 2 H, HC(3)), 5.95 (ddd, J = 16.9, 10.3, 6.4, 1 H, 
HC(7)), 5.08 (m, 2 H, HC(8)), 3.52 (ap, J = 7.0, 1 H, HC(6)), 1.37 (d, J = 7.0, 3 
H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
151.0 C(4), 141.6 C(7), 132.3 C(2), 128.1 C(3), 119.0 C(9), 114.5 C(8), 110.0 
C(1), 43.2 C(6), 20.4 C(5). 
 IR: (film) 
3070 (w), 2970 (m), 2932 (w), 2873 (w), 2228 (s), 1675 (w), 1607 (m), 1503 (m), 
1454 (w), 1413 (w), 1372 (w), 1261 (w), 1178 (w), 1069 (w), 1017 (m), 997 (w), 
969 (w), 920 (m), 839 (m). 
MS: (EI, 70eV) 
157 (M
+
, 91), 142 (100), 130 (29), 115 (69), 103 (17), 89 (18), 77 (17), 63 (13). 
 TLC: Rf 0.39 (hexane/EtOAc, 20:1) [silica gel, UV] 
GC: -tR: 5.54 min, -tR: 5.80 and 5.88 min (3.5:1 [6.7:1], :E or Z]) (GC Method 
3). 
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Preparation of 1,3-Bis(trifluoromethyl)5-(1-methyl-2-propen-1-yl)benzene (1v) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
1
2
3
4
5
7
8
9
Me
6
CF3
F3CBr
CF3
F3C
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 3,5-
bis(trifluoromethyl)bromobenzene (293 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), 
nbd (5.2 L, 0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 °C. 
After 3 h, the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter 
cake washed with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, 
hexane) followed by Kugelrohr distillation afforded 168 mg (62%) of 1v as a clear, colorless oil. 
Data for (1v): 
 bp: 110 °C (10 mmHg, ABT) 
 1H NMR:  (500 MHz, CDCl3) 
7.67 (bm, 3 H, HC(2)), HC(5)), 5.97 (ddd, J = 17.0, 10.3, 6.4, 1 H, HC(8)), 5.13 
(m, 2 H, HC(9)), 3.61 (ap, J = 7.0, 1 H, HC(6)), 1.42 (d, J = 7.0, 3 H, HC(7)). 
 13C NMR: (126 MHz, CDCl3) 
148.0 C(3), 141.1 C(8), 131.6 (q, J = 33, C(1)), 127.5 (q, J = 2.8, C(2)), 123.4 (q, 
J = 273, C(4)), 120.3 (m, C(5)), 115.1 C(9), 42.8 C(6), 20.4 C(7). 
 IR: (film) 
3085 (w), 2976 (w), 2873 (w), 1623 (w), 1465 (w), 1378 (s), 1279 (s), 1174 (s), 
1134 (s), 990 (w), 968 (w), 923 (m), 896 (m), 847 (m), 708 (m), 695 (w), 683 (m).  
MS: (EI, 70eV) 
268 (M
+
, 100), 253 (88), 240 (23), 227 (59), 213 (35), 184 (23), 164 (26), 151 
(13), 115 (13).  
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 HRMS: (EI, 70eV) 
 calc for C12H10F6 (M
+
): 268.0686; found: 268.0687 
 TLC: Rf 0.45 (hexane) [silica gel, KMnO4] 
 GC: -tR: 4.23 min, -tR: 4.69 and 4.80 min (3.4:1 [5.2:1], :E or Z]) (GC Method 
3). 
 
Preparation of 4-(1-Methyl-2-propen-1-yl)benzaldehyde (1w) 
Si
O

Na

Me Me
+
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
1
2
3
4
5
7
89
Me
6
H
O
Br
H
O  
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 4-
bromobenzaldehyde (185 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 
0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 °C. After 1.5 h, 
the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed 
with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, 
hexane/EtOAc, 100:0→20:1) followed by Kugelrohr distillation afforded 64 mg (40%) of 1w as 
a clear, colorless oil. 
Data for (1w): 
 bp: 115 °C (10 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
9.98 (s, 1 H, HC(9)), 7.82 (m, 2 H, HC(3)), 7.38 (m, 2 H, HC(2)), 5.99 (m, 1 H, 
HC(7)), 5.08 (m, 2 H, HC(8)), 3.55 (ap, J = 7.0, 1 H, HC(6)), 1.39 (d, J = 7.0, 3 
H, HC(5)). 
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 13C NMR: (126 MHz, CDCl3) 
192.0 C(9), 152.8 C(1), 141.9 C(7), 134.7 C(4), 130.0 C(3), 128.0 C(2), 114.2 
C(8), 43.4 C(6), 20.5 C(5). 
 IR: (film) 
3075 (w), 3049 (w), 2968 (w), 2929 (w), 2873 (w), 2825 (w), 2732 (w), 1699 (s), 
1637 (w), 1606 (s), 1575 (w), 1456 (w), 1423 (w), 1390 (w), 1305 (w), 1212 (m), 
1169 (m), 1068 (w), 1016 (w), 917 (w), 828 (m), 761 (w). 
MS: (EI, 70eV) 
160 (M
+
, 100), 131 (99), 117 (99), 103 (15), 91 (72), 84 (62), 77 (29), 63 (13). 
 TLC: Rf 0.23 (hexane/EtOAc, 20:1) [silica gel, UV] 
 GC: -tR: 5.47 min, -tR: 5.74 and 5.82 min (14:1 [2.1:1], :E or Z]) (GC Method 
3). 
 
 
Preparation of 2-(1-Methyl-2-propen-1-yl)benzoic Acid 1,1-Dimethylethyl Ester (1x) 
Si
O

Na

Me Me
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
1
2
3
4
5
7 8
9
6
Me
O
O
Me Me
Me
10
11
12
13
Br
O
O
Me Me
Me
+
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 2-bromo-
tert-butylbenzoate (257 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), nbd (5.2 L, 
0.05 mmol, 0.050 equiv), and toluene (2.0 mL) were combined and heated to 70 °C. After 20 h, 
the mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake washed 
with ether (3 × 10 mL). Purification by silica gel chromatography (20 cm × 20 mm, 
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hexane/EtOAc, 100:0→20:1) followed by Kugelrohr distillation afforded 191 mg (82%) of 1x as 
a clear, colorless oil.  
Data for (1x): 
 bp: 150 °C (1.0 mmHg, ABT) 
 1H NMR:  (500 MHz, CDCl3) 
7.75 (m, 1 H, HC(6)), 7.38 (m, 1 H, HC(4)), 7.24 (m, 2 H, HC(3) and HC(5)), 
5.62 (m, 1 H, HC(8)), 5.46 (m, 1 H, HC(9)), 3.64 (d, J = 6.5, 2 H, HC(7)), 1.60 (d, 
J = 2.2, 3 H, HC(10)), 1.59 (s, 9 H, HC(13)). 
 13C NMR: (126 MHz, CDCl3) 
167.4 C(11), 141.5 C(2), 132.0 C(1), 131.7 C(4), 130.6 C(5), 130.09 C(6), 130.05 
C(8), 126.1 C(9), 125.8 C(3), 81.2 C(12), 37.1 C(7), 28.2 C(13), 17.9 C(10). 
 IR: (film) 
3064 (w), 2977 (s), 2932 (m), 1716 (s), 1636 (w), 1600 (m), 1575 (m), 1478 (m), 
1447 (m), 1393 (m), 1368 (s), 1298 (s), 1254 (s), 1173 (m), 1132 (m), 1076 (s), 
968 (m), 914 (w), 849 (m), 800 (w), 750 (s), 712 (m).  
MS: (EI, 70eV) 
176 (100), 158 (63), 147 (68), 134 (32), 131 (46), 115 (28), 91 (20), 77 (10), 56 
(54). 
 TLC: Rf 0.34 (hexane/EtOAc, 20:1) [silica gel, UV] 
 GC: -tR: 6.25 min, -tR: 6.51 and 6.59 min (1:2.5 [8.3:1], :E/Z]) (GC Method 3). 
 Analysis: C15H20O2 (232.32) 
 Calcd: C, 77.55;  H, 8.68 
  Found: C, 77.23;  H, 8.75 
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Preparation of 1-Naphthalenol (17) 
Si
O

Na

Me Me
2.0 equiv
Me
Pd(dba)2 (5 mol%)
t-Bu2P(2-biphenyl) (5 mol %)
toluene, 70 °C
+
1
2
3
4
5
7
8
9
6
OH
10
11
Br
 
Following General Procedure I, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.050 equiv), 1-
bromonaphthalene (207 mg, 1.0 mmol), Na
+
15
−
 (308 mg, 2.0 mmol, 2.0 equiv), t-Bu2(2-
biphenyl)P (29.8 mg, 0.10 mmol, 0.010 equiv), and toluene (2.0 mL) were combined and heated 
to 70 °C. After 6 h, the mixture was cooled to rt, diluted with 15 mL EtOAc, and transferred to a 
60-mL separatory funnel and sat. aq. NH4Cl (30 mL) was added. The aqueous phase was 
separated and washed with EtOAc (2 × 15 mL). The three separate organic extracts were then 
sequentially washed with H2O (30 mL) then brine (30 mL). The combined organic extracts were 
dried over Na2SO4, and then filtered. Purification by silica gel chromatography (20 cm × 20 mm, 
hexane/EtOAc, 100:0→4:1) followed by sublimation (80 °C, 1.0 mmHg) and recrystallization 
(hexane) afforded 81 mg (56%) of 17 as colorless, needle crystals. 
Data for (17): 
 mp: 91–92 °C (hexane) 
 1H NMR: (500 MHz, CDCl3) 
8.18 (m, 1 H, HC(9)), 7.82 (m, 1 H, HC(6)), 7.50 (m, 2 H, HC(8)), 7.45 (d, J = 
8.3, 1 H, HC(7)), 7.31 (m, 1 H, HC(3)), 6.82 (dd, J = 7.4, 0.7 1 H, HC(2)), 5.18 
(s, 1 H, HO(11)). 
 13C NMR: (126 MHz, CDCl3) 
151.3 C(1), 134.7 C(5), 127.7 C(6), 126.4 C(7), 125.8 C(3), 125.3 C(8), 124.3 
C(10), 121.5 C(9), 120.7 C(4), 108.6 C(2). 
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 IR: (film) 
3304 (b), 1685 (w), 1654 (w), 1598 (w), 1517 (w), 1387 (m), 1270 (w), 1083 (w), 
1044 (w), 1015 (w), 877 (w). 
MS: (EI, 70eV) 
 144 (M
+
, 100), 115 (71). 
 TLC: Rf 0.29 (hexane/EtOAc, 4:1) [silica gel, UV] 
 GC: tR: 6.26 min (GC Method 3). 
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7.5. Detailed Experimental Procedures for Chapter 4 
Preparation of (S)-Phenylcarbmate-3-Butyn-2-ol ((S)-36) 
Me
TMS
OH 1. PhNCO, DMAP
hexane, rt, 18 h
2. KF, MeOH, rt, 6 h
94%
2Me1 3
4
O 5 N
H
O
6
7
8
9
(S)-35 (S)-36  
 To a 500-mL, single-necked, round-bottomed flask containing a magnetic stir bar, 
equipped with an argon inlet capped with a septum was added 4-dimethylaminopyridine (171 
mg, 1.40 mmol, 0.050 equiv). The flask was then evacuated and filled with argon. Hexane (140 
mL) followed by phenyl isocyanate (3.36 mL, 30.9 mmol, 1.1 equiv) were added by syringe. (S)-
4-(Trimethylsilyl)-3-butyn-2-ol
163
 (>99:1 er, 4.00 g, 28.1 mmol) was then delivered by syringe to 
the stirred solution. After 18 h at rt, a saturated solution of KF (4.90 g, 84.3 mmol, 3.0 equiv) in 
MeOH (28 mL) was added to the now cloudy suspension and allowed to stir 6 h at rt. The 
mixture was then diluted with ether (100 mL) poured into a 500 mL separatory funnel and 
washed with sat. aq. NH4Cl solution (50 mL). The aqueous phase was separated and extracted 
with ether (2 × 100 mL). The three separate organic extracts were then sequentially washed with 
H2O and brine (50 mL each), combined, dried over MgSO4 until flocculent and concentrated (23 
°C, 10 mm Hg). The residue was then purified by column chromatography (silica gel, 50 mm × 
20 cm, 20:1 hexane/ether→4:1 hexane/ether), after which the product crystallized upon 
concentration (23 °C, 10 mm Hg) to provide 5.01 g (94%) of (S)-36 as a white, crystalline solid. 
A small amount of material was recrystallized for melting point determination by layering 
hexane (10:1) over a saturated solution of (S)-36 in ether to provide white, needles after standing 
overnight at −25 °C. Spectroscopic data matched those reported in the literature.200 
Data for ((S)-36): 
 mp: 41–42 °C (hexane/ether, 10:1) 
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 1
H NMR: (500 MHz, CDCl3) 
7.40 (d, J = 7.8, 2 H, HC(7)), 7.31 (t, J = 7.8, 2 H, HC(8)), 7.07 (t, J = 7.4, 1 H, 
HC(9)), 6.79 (s, 1 H, HN), 5.50 (qd, J = 6.7, 2.0, 1 H, HC(2)), 2.50 (d, J = 2.0, 1 
H, HC(4)), 1.57 (d, J = 6.7, 3 H, HC(1)). 
 13
C NMR: (126 MHz, CDCl3) 
152.2 C(5), 137.5 C(6), 129.0 C(8), 123.6 C(7), 188.7 C(9), 82.2 C(3), 73.1 C(4), 
61.0 C(2), 21.4 C(1).  
 
IR: (film) 
3434 (m), 3308 (m), 3155 (w), 2941 (w), 2902 (w), 2253 (s), 2126 (w), 1817 (m), 
1794 (m), 1738 (s), 1642 (w), 1601 (s), 1528 (s), 1501 (m), 1466 (m), 1444 (s) 
1379 (m), 1342 (w), 1322 (m), 1312 (m), 1094 (s), 1050 (s), 1030 (m), 996 (m), 
988 (m), 913 (s), 735 (w), 728 (m), 706 (s), 648 (s).  
 MS: (EI, 70 eV) 
189 (M

, 100), 144 (31), 137 (57), 130 (38), 93 (67), 70 (27), 65 (20). 
 Opt. Rot.: [α]D
23  −84.0 (c = 2.5, CHCl3) 
 
 SFC: tR (S)-36, 7.30 min (100%); (tR of racemate: 5.81 and 7.00 min) (Chiralpak AD, 
2% MeOH, 3.0 mL/min, 125 bar CO2, 40 °C). 
 TLC: Rf 0.32 (hexane/EtOAc, 4:1) [silica gel, UV] 
 
 
 
 
165 
 
Preparation of (S)-(3E)-4-[(1,1-dimethylethoxy)dimethylsilyl]-3-buten-2-N-phenylcarbamate 
((S)-(E)-37) 
1. Pt(dvds)•Pt-Bu3 (0.3 mol %)
HSiMe2Cl, ether, reflux, 18 h
2. tBuOK, THF, 0 °Crt, 6 h
88%Me
O N
H
O
(S)-36 (S)-37
Me4 3 2
1
Si
O
Me
10
Me
O
11 Me
12
Me
Me
5N
H
6
7
8
9 O
 
 To a 25-mL, single-necked, round-bottomed flask containing a magnetic stir bar, 
equipped with a reflux condenser and argon inlet capped with a septum was added by syringe 
dimethylchlorosilane (0.336 mL, 3.02 mmol, 1.2 equiv), Pt(DVDS)•Pt-Bu3 in xylenes (0.12 M, 
32 L, 0.00375 mmol, 0.0015 equiv), followed by ether (6.7 mL). This solution was then 
brought to reflux in a preheated oil bath and aged 10 min. The alkyne (S)-36 (>99:1 er, 715 mg, 
2.52 mmol) in ether (3.0 mL) was then delivered dropwise by cannula to the refluxing solution. 
After 12 h at reflux, an additional charge of dimethylchlorosilane (0.090 mL, 0.756 mmol, 0.30 
equiv) followed by Pt(dvds)•Pt-Bu3 in xylenes (0.12 M, 32 L, 0.00375 mmol, 0.0015 equiv) 
were added at reflux, and aged 6 h. The reaction was then cooled to rt, transferred dropwise by 
cannula to a suspension of t-BuOK (784 mg, 6.99 mmol, 2.77 equiv) in THF (6.99 mL) at 0 °C 
and was allowed to warm to rt over the course of 6 h. The resulting tan solution was diluted with 
ether (10 mL) and poured into a 250-mL Erlenmeyer flask containing sat. aq. NH4Cl (20 mL) 
cooled in an ice water bath. The aqueous phase was separated in a 250-mL separatory funnel and 
extracted with ether (2 × 10 mL). The three separate organic extracts were then sequentially 
washed with H2O and brine (20 mL each), then were combined, dried over MgSO4 until 
flocculent, and concentrated (23 °C, 10 mm Hg). The residue was then purified by column 
chromatography (silica gel, 30 mm × 20 cm, hexane/ether, 19:1→4:1), and Kugelrohr distillation 
to provide 710 mg (88%) of (S)-(E)-37 as a viscous, colorless oil. 
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Data for ((S)-(E)-37): 
 bp: 160 °C (0.3 mm Hg, ABT) 
 
1
H NMR: (500 MHz, CDCl3) 
  7.40 (d, J = 7.9, 2 H, HC(7)), 7.30 (at, J = 7.8, 2 H, HC(8)), 7.05 (t, J = 7.2, 1 H, 
HC(9)), 6.70 (s, 1 H, HN), 6.13 (dd, J = 18.9, 4.9, 1 H, HC(2)), 5.94 (d, J = 18.9, 
1 H, HC(1)), 5.37 (ap, J = 6.0, 1 H, HC(3)), 1.37 (d, J = 6.6, 3 H, HC(4)), 1.25 (s, 
9 H, HC(12)). 
 13
C NMR: (126 MHz, CDCl3) 
152.8 C(5), 145.2 C(2), 138.0 C(6), 130.6 C(1), 129.0 C(8), 123.3 C(9), 118.5 
C(7), 72.6 C(3), 32.0 C(12), 19.9 C(4), 1.07 C(10), 1.04 C(10).  
 
IR: (film) 
3322 (m), 3138 (w), 3062 (w), 2976 (s), 1710 (s), 1600 (s), 1538 (s), 1502 (m), 
1444 (m), 1389 (w), 1365 (m), 1313 (m), 1233 (s), 1136 (w), 1101 (w), 1083 (w), 
1049 (s), 1025 (m), 996 (m), 842 (m), 752 (m), 692 (m), 668 (w).  
 MS: (EI, 70 eV) 
321 (M

, 3), 187 (10), 185 (12), 169 (11), 137 (12), 129 (66), 119 (17), 111 (50), 
101 (30), 93 (43), 75 (100), 61 (13), 57 (28).  
 Opt. Rot.: [α]D
22  −23.1 (c = 2.5, CHCl3) 
 
 TLC: Rf 0.36 (hexane/ether, 9:1) [silica gel, UV] 
 Analysis: C17H27NO3Si (321.49) 
  Calcd.:  C, 63.51 H, 8.47 N, 4.36 
  Found:  C, 63.43 H, 8.54 N, 4.58 
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Preparation of (R)-(2Z)-4-[(1,1-Dimethylethoxy)dimethylsilyl]-6-methyl-2-heptene ((R)-(Z)-38) 
1. MeLi, THF, 78 °C, 10 min
2. CuI•2LiCl, THF, 78 °C, 30 min
3. iBuMgCl, THF, 78 °Crt, 18 h
79%, 94:6 Z/ E
(S)-37 (R)-38
Me Si
O
Me Me
O
Me
Me
Me
N
H
O
2
Me
1
3
4
5 6 Me
7
Me
Si
O
9
Me
Me
10
Me
Me
8
Me
 
In a dry box, CuI (390 mg, 2.05 mmol, 1.025 equiv) and LiCl (174 mg, 4.10 mmol, 2.05 
equiv) were combined in a 50-mL, single-necked, round-bottomed flask containing a magnetic 
stir bar, equipped with a stopcock fitted argon inlet capped with a septum. This mixture was 
removed from the dry box, and dissolved in THF (7.88 mL) by stirring at rt for 10 min. The 
resulting yellow solution of CuI•2LiCl was cooled to −78°C.  
To a 50-mL, single-necked, round-bottomed flask containing a magnetic stir bar, 
equipped with an argon inlet capped with a septum was added the vinyl silane (S)-(E)-37 (643 
mg, 2.00 mmol). The flask was then evacuated and filled with argon. THF (3.45 mL) was added 
by syringe and the solution cooled to −78 °C. MeLi in ether (1.11 M, 1.80 mL, 2.00 mmol) was 
then added dropwise by syringe and stirred 10 min at −78 °C. This solution was then transferred 
dropwise by cannula to the stirred solution of CuI•2LiCl at −78 °C, and was then aged for 30 
min. At this point, i-BuMgCl (2.76 mL, 2.40 mmol, 1.2 equiv) was delivered dropwise by 
syringe. The solution was then allowed to warm to room temperature over the course of 18 h 
without removing the cooling bath. The resulting purple mixture was diluted with ether (20 mL), 
poured into a 125-mL Erlenmeyer flask containing 9:1, NH4OH/NH4Cl (30 mL), and was stirred 
under air until the aqueous layer was transparent blue. The aqueous phase was separated and 
extracted with ether (2 × 20 mL) in a 250-mL separatory funnel. The three separate organic 
extracts were then sequentially washed with H2O (2 × 20 mL) and brine (20 mL), then were 
combined, dried over MgSO4 until flocculent, and concentrated (23 °C, 10 mm Hg). The residue 
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was then purified by column chromatography (30 mm × 20 cm, pentane) and Kugelrohr 
distillation to provide 384 mg (79%) of (R)-(Z)-38 (94:6 Z/E) as a clear, colorless oil. 
Data for ((R)-(Z)-38): 
 bp: 80 °C (0.6 mm Hg, ABT) 
 1
H NMR: (500 MHz, CDCl3) 
5.36 (dq, J = 11.0, 6.7, 1 H, HC(2)), 5.11 (tq, J = 11.0, 1.6, 1 H, HC(3)), 1.95 (td, 
J = 11.3, 3.1 1 H, HC(4)), 1.59 (dd, J = 6.7, 1.7, 3 H, HC(1)), 1.53 (m, 1 H, 
HC(6)), 1.30 (m, 2 H, HC(5)), 1.24 (s, 9 H, HC(10)), 0.88 (d, J = 6.7, 3 H, 
HC(7)), 0.80 (d, J = 6.5, 3 H, HC(7)), 0.09 (s, 3 H, HC(8)), 0.05 (s, 3 H, HC(8)). 
 13
C NMR: (126 MHz, CDCl3) 
132.7 C(3), 121.1 C(2), 71.9 C(9), 38.3 C(5), 32.0 C(10), 27.9 C(4), 26.8 C(6), 
24.0 C(7), 20.9 C(7), 13.3 C(1), −0.3 C(8), −1.1 C(8).  
 
IR: (film) 
3000 (m), 2956 (m), 1645 (w), 1467 (w), 1401 (w), 1388 (w), 1364 (m), 1249 
(m), 1199 (m), 1163 (w), 1089 (w), 1053 (s), 1021 (m), 978 (w), 836 (m), 787 
(m), 761 (m), 691 (m). 
 MS: (CI, CH4) 
243 ((MH), 2), 148 (12), 92 (100), 74 (13). 
 Opt. Rot.: [α]D
23  −84.1 (c = 1.0, CHCl3 
 
 TLC: Rf 0.36 (pentane) [silica gel, aqueous KMnO4] 
 GC: tR (S)-(E)-38, 4.94 min (5.9%); tR (R)-(Z)-38, 5.10 min (94.1%) (GC Method 4). 
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 Analysis: C14H32OSi (242.47) 
  Calcd.:  C, 69.35 H, 12.47 
  Found:  C, 69.22 H, 12.74 
 
Preparation of (R)-(2Z)-6-Methyl-2-hepten-4-yl-1,1-dimethylsilanol ((R)-(Z)-39) 
HCl(aq)
MeCN, rt, 30 min
93%
(R)-38 (R)-39
2
Me
1
3
4
5 6 Me
7
Me
Si
OH
Me
8
Me
Me Me
Me
Si
O Me
Me
Me
Me Me
 
In a 50-mL, single-necked, round-bottomed flask containing a magnetic stir bar was 
combined allylic silyl ether (R)-(Z)-38 (485 mg, 2.0 mmol) and acetonitrile (10 mL). Aqueous 
HCl (0.2 M, 1.0 mL, 0.2 mmol, 0.10 equiv) was then added dropwise by pipette. The resulting 
cloudy solution cleared within 5 min and was aged 30 min further. The clear solution was diluted 
with ether (20 mL) in a 125-mL separatory funnel, and the aqueous phase was separated and was 
extracted with ether (2 × 20 mL). The three separate organic extracts were then sequentially 
washed with H2O (20 mL), sat. aq. NaHCO3 (20 mL), H2O (20 mL), and brine (20 mL), then 
were combined, dried over MgSO4 until flocculent, and concentrated (23 °C, 10 mm Hg). The 
residue was then purified by column chromatography (silica gel, 20 mm × 20 cm, pentane/ether, 
4:1), and Kugelrohr distillation to provide 345 mg (93%) of (R)-(Z)-39 as a clear, colorless oil. 
After distillation, the silanol (R)-(Z)-39 was stored for weeks on the bench without change of 
purity as determined by 
1
H NMR analysis. 
Data for ((R)-(Z)-39): 
 bp: 105 °C (0.8 mm Hg, ABT) 
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 1
H NMR: (500 MHz, CDCl3) 
5.43 (dq, J = 11.0, 6.8, 1 H, HC(2)), 5.15 (m, 1 H, HC(3)), 2.03 (td, J = 11.5, 2.8 
1 H, HC(4)), 1.71 (s, 1 H, HO), 1.61 (dd, J = 6.8, 1.7 3 H, HC(1)), 1.55 (m, 1 H, 
HC(6)), 1.37 (ddd, J = 13.3,12.2, 3.9, 1 H, HC(5)), 1.20 (ddd, J = 13.3, 10.1, 3.1 1 
H, HC(5)), 0.88 (d, J = 6.7, 3 H, HC(7)), 0.80 (d, J = 6.5, 3 H, HC(7)), 0.11 (s, 3 
H, HC(8)), 0.10 (s, 3 H, HC(8)). 
 13
C NMR: (126 MHz, CDCl3) 
131.7 C(2), 122.1 C(3), 38.1 C(5), 27.5 C(4), 26.8 C(6), 23.8 C(7), 20.8 C(7), 
13.2 C(1), −2.0 C(8), −2.2 C(8). 
 
IR: (film) 
3305 (br), 3007 (w), 2956 (m), 2904 (m), 2869 (m), 1645 (w), 1467 (w), 1402 
(w), 1382 (w), 1367 (w), 1251 (m), 1161 (w), 1091 (w), 1044 (w), 977 (w), 858 
(m), 772 (m), 686 (m). 
 MS: (EI, 70 eV) 
186 (M

, 2), 75 (100), 61 (69), 55 (67). 
 Opt. Rot.: [α]D
23  −85.2 (c = 2.0, CHCl3) 
 
 TLC: Rf 0.32 (pentane/ether, 4:1) [silica gel, aqueous KMnO4] 
 GC: tR (S)-(E)-39, 4.15 min (5.6%); tR (R)-(Z)-39, 4.30 min (94.4%) (GC Method 4). 
 Analysis: C10H22OSi (186.37) 
  Calcd.:  C, 64.45 H, 11.90  
  Found:  C, 64.25 H, 11.68 
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Preparation of Sodium (R)-(2Z)-6-Methyl-2-hepten-4-yl-1,1-dimethylsilanolate (Na
+
(R)-(Z)- 
39
−
) 
NaH
hexane, rt, 30 min
97%
(R)-39 Na+(R)-39
2
Me
1
3
4
5 6 Me
7
Me
Si
O–Na+
Me
8
Me
Me Me
Me
Si
OH
Me Me
 
In a dry box, NaH (240 mg, 9.98 mmol, 1.3 equiv) was weighed into a 50-mL, single-
necked, round-bottomed flask containing a magnetic stir bar and suspended in hexane (5 mL). 
The silanol (R)-(Z)-39 (94:6 R/S, 1.43 g, 7.68 mmol) was then dissolved in hexane (10 mL) and 
was added dropwise to the stirred suspension of NaH. After addition the reaction was aged 30 
min with stirring, then was filtered through a fritted-glass funnel (30 mL, medium) into a 100-
mL Schlenk flask and the filter cake was washed with hexane (10 mL). The colorless solution 
was then removed from the dry box and concentrated (23 °C, 0.5 mm Hg). The resultant viscous 
oil was allowed to rest undisturbed under vacuum for 6 h, after which crystals began to form. At 
this point, a small amount of hexane (3 mL) was used to wash all the material to the bottom of 
the flask and then was removed under vacuum (23 °C, 0.5 mm Hg). After 12 h under vacuum (23 
°C, 0.5 mm Hg), the resultant white, crystalline solid was harvested to provide 1.55 g (97%) of 
Na
+
(R)-(Z)-39
−
. The silanolate Na
+
(R)-(Z)-39
−
 was stable for months when stored in an 
anhydrous environment without change of reactivity or purity as determined by 
1
H NMR 
analysis. 
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Data for (Na
+
(R)-(Z)-39
−
): 
 
1
H NMR: (500 MHz, C6D6) 
5.43 (m, 2 H, HC(2), HC(3)), 2.06 (m, 1 H, HC(4)), 1.76 (d, J = 4.8 3 H, HC(1)), 
1.65 (m, 1 H, HC(6)), 1.46 (dt, J = 13.4,3.4 1 H, HC(5)), 1.33 (m, 1 H, HC(5)), 
1.00 (d, J = 6.6 3 H, HC(7)), 0.95 (d, J = 6.5 3 H, HC(7)), 0.20 (s, 3 H, HC(8)), 
0.13 (s, 3 H, HC(8)). 
 13
C NMR: (126 MHz, C6D6) 
138.5 C(3), 119.1 C(2), 40.4 C(5), 31.7 C(4), 27.7 C(6), 24.3 C(7), 21.2 C(7), 
13.4 C(1), 2.4 C(8), 1.1 C(8). 
 
Preparation of (S)-2-Methylheptyl-4-ol 3,5-Dinitrobenzoate ((S)-40) 
Me Me
Me
OH
2
Me
1
3
4
5 6 Me
7
Me
O
8
9
10
11
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NO2
NO2
Me Me
Me
Si
Me Me
OH
Me Me
Me
Si
Me Me
OH
TsNHNH2
TEA, THF
ref lux, 10 h
H2O2
KF, KHCO3
MeOH, rt, 6 h
3,5 DNBC
DMF, TEA
DCM, rt, 6 h
47%
(R)-39 (S)-39' (S)-39'' (S)-40
 
In a 10-mL, single-necked, round-bottomed flask containing a magnetic stir bar and 
equipped with a reflux condenser, argon inlet and capped with a septum were combined silanol 
(R)-(Z)-39 (238 mg, 1.28 mmol), THF (8.5 mL), tosylhydrazide (TsNHNH2, 11.9 g, 64 mmol, 50 
equiv) and triethylamine (9.82 mL, 64 mmol, 50 equiv). The suspension was then brought to 
reflux in a 70 °C oil bath. After 10 h at reflux, the solution was cooled to room temperature, then 
was poured into hexane (40 mL) in a 250-mL separatory funnel, and the aqueous phase was 
separated and extracted with hexane (2 × 40 mL). The three separate organic extracts were then 
sequentially washed with H2O (5 × 150 mL) and brine (150 mL), then were combined, dried over 
MgSO4 until flocculent, and concentrated (23 °C, 10 mm Hg). This process was repeated five 
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times to reach complete reduction as determined by GC analysis.  
The resulting pale yellow oil (S)-39’ (1.28 mmol) was combined with MeOH (12.8 mL), 
H2O2 (35%, 3.11 mL, 32 mmol, 25 equiv), KHCO3 (1.28 g, 12.8 mmol, 10 equiv), and KF (744 
mg, 12.8 mmol, 10 equiv) in a 50-mL, single-necked, round-bottomed flask containing a 
magnetic stir bar. The suspension was stirred for 6 h at rt, after which aqueous HCl (0.2 M, 70 
mL) was added dropwise. The solution was then poured into ether (30 mL) in a 125-mL 
separatory funnel, and the aqueous phase was separated and extracted with ether (2 × 30 mL). 
The three separate organic extracts were then sequentially washed with H2O (2 × 50 mL) and 
brine (50 mL), then were combined, dried over MgSO4 until flocculent, and concentrated (23 °C, 
10 mm Hg).  
The resulting pale yellow oil (S)-39’’ (1.28 mmol, [α]𝐷
22  +11.5 (c = 1.1, MeOH)) was 
dissolved in dichloromethane (6.4 mL) in a 50-mL single-necked, round-bottomed flask 
containing a magnetic stir bar. Dimethyl formamide (DMF, 10 L, 0.064 mmol, 0.10 equiv), 3,5-
dinitrobenzoyl chloride (3,5-DNBC, 1.18 g, 5.12 mmol, 4 equiv), and triethylamine (TEA, 1.07 
mL, 7.68 mmol, 6.0 equiv) were added and the suspension was stirred for 6 h at rt. The solution 
was then poured into EtOAc (20 mL) in a 125-mL separatory funnel, and was washed with 
aqueous NaOH (10% w/w, 20 mL). The aqueous phase was separated and extracted with EtOAc 
(2 × 20 mL). The three separate organic extracts were then sequentially washed with H2O (30 
mL) and brine (30 mL), were then combined, dried over MgSO4 until flocculent, and 
concentrated (23 °C, 10 mm Hg). The residue was then purified by column chromatography 
(silica gel, 20 mm × 20 cm, hexane/EtOAc, 4:1) to provide 193 mg (47%) of (S)-40 as a white 
solid. The enantiomeric composition was determined to 94.1:5.9 S/R by CSP-SFC analysis. 
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Data for ((S)-40): 
mp: 81–82 °C 
 1
H NMR: (500 MHz, CDCl3) 
9.21 (t, J = 2.2, 1 H, HC(12)), 9.14 (d, J = 2.2, 2 H, HC(10)), 5.35 (m, 1 H, 
HC(4)), 1.74 (m, 2 H, HC(5)), 1.65 (m, 2 H, HC(3)), 1.48 (m, 1 H, HC(6)), 1.39 
(m, 2 H, HC(2)), 0.947 (d, J = 6.6, 6 H, HC(7)), 0.945 (t, J = 7.4, 3 H, HC(1)). 
 13
C NMR: (126 MHz, CDCl3) 
162.2 C(8), 148.6 C(11), 134.4 C(9), 129.4 C(10), 122.2 C(12), 76.1 C(4), 43.3 
C(5), 36.8 C(3), 24.8 C(6), 23.1 C(7), 22.2 C(7), 18.6 C(2), 13.9 C(1). 
 IR: (film) 
3112 (w), 3094 (w), 2962 (m), 2871 (w), 1718 (s), 1630 (w), 1600 (w), 1550 (s), 
1464 (w), 1387 (w), 1371 (w), 1346 (s), 1294 (w), 1177 (w), 1130 (w), 1090 (w), 
1073 (w), 922 (w), 914 (w), 774 (w), 732 (w), 720 (m). 
 MS: (EI, 70 eV) 
325 ((M+H)
+
, 100), 295 (39), 153 (12), 113 (16), 71 (14), 57 (19). 
 Opt. Rot.: [α]D
24  +10.8 (c = 2.4, CHCl3) 
 
 SFC: tR (R)-40, 6.16 min (R, 5.9%); tR (S)-40, 7.03 min (S, 94.1%) (Chiralpak AD, 
2.5% MeOH, 2.0 mL/min, 125 bar CO2, 40 °C). 
 TLC: Rf 0.62 (4:1 hexane/EtOAc) [silica gel, UV] 
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General Procedure I: Cross-Coupling Protocol 
Me
Si
Me Me
O–Na+
Me
Me
+
Br
catalyst
ligand
toluene, 70 °C
Me
Me
Me
R
R  
In a 50-mL, single-necked, round-bottomed flask containing a magnetic stir bar, equipped 
with a reflux condenser and three-way argon inlet capped with a septum was combined 
palladium catalyst and ligand. The flask was then sequentially evacuated and filled with argon 
three times. The aromatic bromide (1.0 equiv) was then added by syringe. The silanolate, 
preweighed in a 10-mL, two-necked, round-bottomed flask in a dry box, was dissolved in 
toluene and added to the aromatic bromide by syringe. The reaction mixture was then heated 
under argon in a pre-heated oil bath. Aliquots (25 L) removed from the reaction mixture by 
syringe were quenched with 10% 2-(dimethylamino)ethanethiol hydrochloride solution (150 
L), and then were extracted with EtOAc (1.0 mL). The organic extract was then filtered through 
a small plug of silica gel in a pipette (0.5 cm × 1.0 cm) and the filter cake was washed with 
EtOAc (0.5 mL). The sample was then analyzed by GC. After complete consumption of the aryl 
bromide was observed by GC analysis, the reaction mixture was cooled to room temperature, 
filtered through silica gel (2 cm × 2 cm) in a fritted-glass funnel (coarse, 2 cm × 5 cm) and the 
filter cake washed with ether (3 × 15 mL). The filtrate was concentrated (23 °C, 10 mm Hg) and 
the residue purified by column chromatography (silica gel and C-18 reverse phase), followed by 
Kugelrohr distillation. 
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Preparation of (R)-1-((E)-1,5-Dimethyl-2-hexenyl)naphthalene ((R)-(E)-41a) 
Me
Si
Me Me
O–Na+
Me
Me
+
Br
APC
dba(4,4'-CF3)
toluene, 70 °C
6 h, 70%
12
11
10
9
8
17
2
3
Me
1
4
5
6
Me 7
Me
Na+(R)-39–
10a (R)-(E)-41a
16
15
14
13
 
Following General Procedure I, APC (18.3 mg, 0.05 mmol, 0.025 equiv), (4,4’-CF3)dba 
(148 mg, 0.4 mmol, 0.20 equiv), 10a (414 mg, 2.0 mmol), Na
+
(R)-(Z)-39
−
 (94:6 er, 625 mg, 3.0 
mmol, 1.5 equiv) and toluene (4.0 mL) were combined and heated to 70 °C. After 6 h, the 
reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake 
washed with ether (3 × 15 mL). Purification by silica gel chromatography (30 mm × 20 cm, 
hexane→20:1 hexane/ether), C-18 reverse phase chromatography (25 cm × 16 cm, MeOH/H2O, 
9:1→20:1), and Kugelrohr distillation afforded 369 mg (78%) of (R)-(E)-41a as a clear, colorless 
oil. 
Data for ((R)-(E)-41a): 
 bp: 155 °C (1.5 mm Hg, ABT) 
 1
H NMR: (500 MHz, CDCl3) 
8.19 (d, J = 8.4, 1 H, HC(16)), 7.88 (d, J = 9.2 1 H, HC(13)), 7.74 (d, J = 7.9 1 H, 
HC(11)), 7.49 (m, 4 H, HC(9), HC(10), HC(14), HC(15)), 5.76 (ddt, J = 15.3, 6.2, 
1.1, 1 H, HC(3)), 5.54 (m, 1 H, HC(4)), 4.30 (ap, J = 6.8, 1 H, HC(2)), 1.96 (m, 2 
H, HC(5)), 1.64 (m, 1 H, HC(6)), 1.53 (d, J = 6.8, 3 H, HC(1)), 0.91 (d, J = 6.9, 3 
H, HC(7)), 0.90 (d, J = 6.9, 3 H, HC(7)). 
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 13
C NMR: (126 MHz, CDCl3) 
142.3 C(8), 135.8 C(3), 133.9 C(12), 131.5 C(17), 128.8 C(13), 128.5 C(4), 126.6 
C(11), 125.6 C(10/14), 125.2 C(15), 123.7 C(16), 123.4 C(9), 42.0 C(5), 37.2 
C(2), 28.5 C(6), 22.33 C(7), 22.28 C(7), 21.2 C(1). 
 
IR: (film) 
3047 (w), 2956 (m), 2927 (m), 2869 (w), 2837 (w), 1919 (w), 1805 (w), 1597 (w), 
1510 (w), 1464 (w), 1395 (w), 1383 (w), 1367 (w), 1250 (w), 1168 (w), 1080 (w), 
1026 (w), 998 (w), 971 (m), 859 (w), 797 (m), 776 (m), 731 (w). 
 MS: (EI, 70 eV) 
238 (M
+
, 64), 223 (14), 195 (15), 181 (100), 167 (97), 153 (23), 141 (17), 128 
(10). 
 Opt. Rot.: [α]D
23  +47.9 (c = 2.6, CHCl3) 
 
 TLC: Rf 0.37 (hexane) [silica gel, UV] 
 GC: tR 7.43 min (6.8%), tR 7.54 min (0.9%), tR (R)-(E)-41a 7.67 min (90.0%), tR 7.76 
min (2.2%) (GC Method 4). 
 Analysis: C18H22 (238.37) 
  Calcd.:  C, 90.70 H, 9.30 
  Found:  C, 90.46 H, 9.44 
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Preparation of (R)-4-((E)-1,5-Dimethyl-2-hexenyl)-1-methoxybenzene ((R)-(E)-41b) 
Me
Si
Me Me
O–Na+
Me
Me
+
Br
APC
dba(4,4'-CF3)
toluene, 70 °C
6 h, 67% 11
10
9
8
2
3
Me
1
4
5
6
Me 7
Me
Na+(R)-39–
10b (R)-(E)-41b
MeO
MeO12
 
Following General Procedure I, APC (18.3 mg, 0.05 mmol, 0.025 equiv), (4,4’-CF3)dba 
(148 mg, 0.4 mmol, 0.20 equiv), 10b (374 mg, 2.0 mmol), Na
+
(R)-(Z)-39
−
 (94:6 er, 625 mg, 3.0 
mmol, 1.5 equiv) and toluene (4.0 mL) were combined and heated to 70 °C. After 6 h, the 
reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake 
washed with ether (3 × 15 mL). Purification by silica gel chromatography (30 mm × 20 cm, 
hexane/ether, 99:1→20:1), C-18 reverse phase chromatography (25 cm × 16 cm, MeOH/H2O, 
9:1→20:1), and Kugelrohr distillation afforded 292 mg (67%) of (R)-(E)-41b as a clear, 
colorless oil. 
Data for ((R)-(E)-41b): 
 bp: 110 °C (0.5 mm Hg, ABT) 
 1
H NMR: (500 MHz, CDCl3) 
7.15 (m, 2 H, HC(9)), 6.87 (m, 2 H, HC(10), 5.57 (ddt, J = 15.3, 6.6, 1.2, 1 H, 
HC(3)), 5.43 (dtd, J = 15.3, 7.1, 1.2, 1 H, HC(4)), 3.80 (s, 3 H, HC(12)), 3.40 (ap, 
J = 7.0, 1 H, HC(2)), 1.91 (m, 2 H, HC(5)), 1.62 (m, 1 H, HC(6)), 1.33 (d, J = 7.0, 
3 H, HC(1)), 0.90 (d, J = 2.9, 3 H, HC(7)), 0.88 (d, J = 2.9, 3 H, HC(7)).
 
 13
C NMR: (126 MHz, CDCl3) 
157.7 C(11), 138.6 C(8), 136.4 C(3), 128.0 C(9), 127.6 C(4), 113.7 C(10), 55.2 
C(12), 41.9 C(5), 41.4 C(2), 28.5 C(6), 22.33 C(7), 22.26 C(7), 21.7 C(1). 
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IR: (film) 
2957 (m), 2835 (m), 1611 (m), 1584 (w), 1512 (m), 1464 (m), 1367 (w), 1301 
(w), 1247 (m), 1178 (m), 1108 (w), 1040 (m), 971 (m), 829 (m), 551 (w). 
 MS: (EI, 70 eV) 
218 (M
+
, 25), 203 (35), 175 (12), 161 (86), 147 (100), 135 (29), 121 (33), 115 
(14), 105 (17), 91 (23). 
 Opt. Rot.: [α]D
23  −9.89 (c = 2.0, CHCl3) 
 
 TLC: Rf 0.22 (hexane) [silica gel, UV] 
 GC: tR 6.44 min (0.5%); tR 6.53 min (1.1%); tR (R)-(E)-20e, 6.67 min (96.9%); tR 6.92 
min (1.4%) (GC Method 4). 
 Analysis: C15H22O (218.33) 
  Calcd.:  C, 82.52 H, 10.16  
  Found:  C, 82.12 H, 10.45 
 
Preparation of (R)-2-((E)-1,5-Dimethyl-2-hexenyl)-1-methoxybenzene ((R)-(E)-41e) 
Me
Si
Me Me
O–Na+
Me
Me
+
Br
APC
dba(4,4'-CF3)
toluene, 70 °C
6 h, 70%
12
11
10
9
8
13
2
3
Me
1
4
5
6
Me 7
Me
Na+(R)-39–
10e (R)-(E)-41e
OMe
OMe 14
 
Following General Procedure I, APC (18.3 mg, 0.05 mmol, 0.025 equiv), (4,4’-CF3)dba 
(148 mg, 0.4 mmol, 0.20 equiv), 10e (374 mg, 2.0 mmol), Na
+
(R)-(Z)-39
−
 (94:6 er, 625 mg, 3.0 
mmol, 1.5 equiv) and toluene (4.0 mL) were combined and heated to 70 °C. After 12 h, the 
reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake 
washed with ether (3 × 15 mL). Purification by silica gel chromatography (30 mm × 20 cm, 
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hexane→20:1 hexane/ether), C-18 reverse phase chromatography (25 cm × 16 cm, MeOH/H2O, 
9:1→20:1), and Kugelrohr distillation afforded 287 mg (66%) of (R)-(E)-41e as a clear, colorless 
oil. 
Data for ((R)-(E)-41e): 
 bp: 110 °C (0.7 mm Hg, ABT) 
 1
H NMR: (500 MHz, CDCl3) 
7.18 (m, 2 H, HC(11), HC(13)), 6.93 (td, J = 7.6, 1.1, 1 H, HC(12)), 6.87 (d, J = 
7.6 1 H, HC(10)), 5.63 (ddt, J = 15.3, 6.3, 1.2, 1 H, HC(3)), 5.46 (dtd, J = 15.3, 
7.1, 1.4, 1 H, HC(4)), 3.90 (ap, J = 7.0, 1 H, HC(2)), 3.84 (s, 3 H, HC(14)), 1.92 
(m, 2 H, HC(5)), 1.62 (m, 1 H, HC(6)), 1.31 (d, J = 7.0, 3 H, HC(1)), 0.90 (d, J = 
4.8, 3 H, HC(7)), 0.89 (d, J = 4.8, 3 H, HC(7)). 
 13
C NMR: (126 MHz, CDCl3) 
156.7 C(9), 135.4 C(3), 135.0 C(8), 127.6 C(13), 127.3 C(4), 126.7 C(11), 120.5 
C(12), 110.4 C(10), 55.4 C(14), 42.0 C(5), 34.7 C(2), 28.5 C(6), 22.31 C(7), 
22.27 C(7), 20.4 C(1). 
 
IR: (film) 
3027 (w), 2956 (m), 2870 (m), 2836 (w), 1599 (w), 1586 (w), 1491 (m), 1464 
(m), 1383 (w), 1366 (w), 1288 (w), 1241 (m), 1170 (w), 1122 (w), 1100 (w), 1054 
(w), 1034 (m), 972 (m), 928 (w), 801 (w), 752 (m). 
 MS: (EI, 70 eV) 
218 (M+, 65), 203 (22), 175 (19), 161 (100), 147 (55), 135 (54), 121 (40), 105 
(12), 91 (26), 77 (11). 
 Opt. Rot.: [α]D
24  +27.0 (c = 2.1, CHCl3) 
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 TLC: Rf 0.58 (20:1 hexane/ether) [silica gel, UV] 
 GC: tR 6.21 min (6.9%); tR 6.32 min (1.5%); tR (R)-(E)-41e, 6.43 min (90.6%); tR 6.80 
min (1.0%) (GC Method 4). 
 Analysis: C15H22O (218.33) 
  Calcd.:  C, 82.52 H, 10.16  
  Found:  C, 82.82 H, 10.24 
 
Preparation of (R)-4-((E)-1,5-Dimethyl-2-hexenyl)-1-trifluoromethylbenzene ((R)-(E)-41n) 
Me
Si
Me Me
O–Na+
Me
Me
+
Br
APC
dba(4,4'-CF3)
toluene, 70 °C
6 h, 73% 11
10
9
8
2
3
Me
1
4
5
6
Me 7
Me
Na+(R)-39–
10n (R)-(E )-41n
F3C
F3C
12
 
Following General Procedure I, APC (18.3 mg, 0.05 mmol, 0.025 equiv), (4,4’-CF3)dba 
(148 mg, 0.4 mmol, 0.20 equiv), 10n (450 mg, 2.0 mmol), Na
+
(R)-(Z)-39
−
 (94:6 er, 625 mg, 3.0 
mmol, 1.5 equiv) and toluene (4.0 mL) were combined and heated to 70 °C. After 6 h, the 
reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake 
washed with ether (3 × 15 mL). Purification by silica gel chromatography (30 mm × 20 cm, 
hexane), C-18 reverse phase chromatography (25 cm × 16 cm, MeOH/H2O, 9:1→20:1), and 
Kugelrohr distillation afforded 372 mg (73%) of (R)-(E)-41n as a clear, colorless oil. 
Data for ((R)-(E)-41n): 
 bp: 105 °C (0.8 mm Hg, ABT) 
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 1
H NMR: (500 MHz, CDCl3) 
7.55 (d, J = 8.2, 2 H, HC(10), 7.33 (d, J = 8.2, 2 H, HC(9), 5.57 (dd, J = 15.3, 6.6, 
1 H, HC(3)), 5.47 (m, 1 H, HC(4)), 3.50 (ap, J = 7.0, 1 H, HC(2)), 1.92 (m, 2 H, 
HC(5)), 1.62 (m, 1 H, HC(6)), 1.36 (d, J = 7.0, 3 H, HC(1)), 0.90 (d, J = 4.1, 3 H, 
HC(7)), 0.88 (d, J = 4.1, 3 H, HC(7)). 
 13
C NMR: (126 MHz, CDCl3) 
143.6 C(8), 128.1 C(3), 121.9 C(4), 121.2 (q, J = 32.2, C(11)), 120.5 C(9), 118.2 
(q, J = 3.8, C(10)), 117.4 (q, J = 271.7, C(12)), 35.2 C(2), 34.9 C(5), 21,4 C(6), 
15.3 C(7), 15.2 C(7), 14.4 C(1). 
 
IR: (film) 
2960 (m), 1619 (w), 1466 (w), 1418 (w), 1327 (s), 1165 (m), 1126 (m), 1070 (m), 
1017 (w), 969 (w), 840 (m), 604 (w). 
 MS: (EI, 70 eV) 
256 (M
+
, 9), 199 (56), 186 (100), 173 (12), 159 (20), 129 (14), 83 (13), 55 (12). 
 Opt. Rot.: [α]D
23  −4.47 (c = 3.1, CHCl3) 
 
 TLC: Rf 0.89 (hexane) [silica gel, UV] 
 GC: tR 5.58 min (12.4%); tR 5.64 min (0.5%); tR (R)-(E)-41n, 5.74 min (87.1%) (GC 
Method 4). 
 Analysis: C15H19F3 (256.31) 
  Calcd.:  C, 70.29 H, 7.47 
  Found:  C, 69.94 H, 7.70 
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Preparation of (R)-5-((E)-1,5-Dimethyl-2-hexenyl)-1H-Indole-1-carboxylic acid 1,1-
Dimethylethyl ester ((R)-(E)-41s) 
Me
Si
Me Me
O–Na+
Me
Me
+
Br
APC
dba(4,4'-CF3)
toluene, 70 °C
6 h, 73%
14
11
10
9
8
15
2
3
Me
1
4
5
6
Me 7
Me
Na+(R)-39–
10s (R)-(E )-41s
N
Boc
13
12
N
16
O
O
17
Me
18
Me
Me
 
Following General Procedure I, APC (18.3 mg, 0.05 mmol, 0.025 equiv), (4,4’-CF3)dba 
(148 mg, 0.4 mmol, 0.20 equiv), 10s (592 mg, 2.0 mmol), Na
+
(R)-(Z)-39
−
 (94:6 er, 625 mg, 3.0 
mmol, 1.5 equiv) and toluene (4.0 mL) were combined and heated to 70 °C. After 6 h, the 
reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake 
washed with ether (3 × 15 mL). Purification by silica gel chromatography (30 mm × 20 cm, 
hexane/ether, 99:1→20:1), and C-18 reverse phase chromatography (25 cm × 16 cm, 
MeOH/H2O, 9:1→20:1) afforded 481 mg (73%) of (R)-(E)-41s as a pale, yellow oil. 
Data for ((R)-(E)-41s): 
 1
H NMR: (500 MHz, CDCl3) 
8.05 (d, J = 5.6, 1 H, HC(12), 7.57 (d, J = 2.7, 1 H, HC(10), 7.40 (d, J = 1.5, 1 H, 
HC(15)), 7.19 (dd, J = 8.6, 1.7, 1 H, HC(9)), 6.53 (d, J = 3.6, 1 H, HC(13)), 5.63 
(ddt, J = 15.2, 6.6, 1.1, 1 H, HC(3)), 5.46 (m, 1 H, HC(4)), 3.54 (ap, J = 7.0, 1 H, 
HC(2)), 1.91 (m, 2 H, HC(5)), 1.67 (s, 9 H, HC(18)), 1.62 (m, 1 H, HC(6)), 1.39 
(d, J = 7.0, 3 H, HC(1)), 0.89 (d, J = 4.5, 3 H, HC(7)), 0.88 (d, J = 4.5, 3 H, 
HC(7)). 
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 13
C NMR: (126 MHz, CDCl3) 
149.8 C(16), 141.0 C(8), 136.6 C(3), 133.6 C(14), 130.7 C(11), 127.7 C(10), 
125.9 C(12), 123.9 C(9), 118.9 C(15), 114.9 C(4), 107.3 C(13), 83.4 C(17), 42.1 
C(5), 41.9 C(2), 28.5 C(6), 28.2 C(18), 22.34 C(7), 22.27 C(7), 21.9 C(1). 
 
IR: (film) 
3153 (w), 3118 (w), 2959 (s), 2930 (m), 2879 (m), 1732 (s), 1580 (w), 1539 (w), 
1470 (s), 1373 (s), 1350 (s), 1256 (s), 1217 (m), 1165 (m), 1131 (s), 1083 (s), 
1040 (m), 1024 (s), 971 (m), 884 (w), 857 (m), 840 (w), 819 (m), 796 (w), 766 
(m). 
 MS: (EI, 70 eV) 
327 (M
+
, 27), 271 (58), 256 (22), 227 (52), 212 (57), 201 (15), 189 (12), 184 (16), 
170 (100), 156 (50), 144 (23), 130 (18), 117 (20), 95 (12). 
 Opt. Rot.: [α]D
23  −10.9 (c = 1.9, CHCl3) 
 
 TLC: Rf 0.41 (20:1 hexane/ether) [silica gel, UV] 
 SFC: tR (S)-(E)-41s, 19.3 min (0.4%); tR (R)-(E)-41s, 20.1 min (99.6%) (Chiralpak AD, 
1.0% 2-propanol, 1.0 mL/min, 125 bar CO2, 40 °C). 
 Analysis: C21H29NO2 (327.46) 
  Calcd.:  C, 77.02 H, 8.93 N, 4.28 
  Found:  C, 76.80 H, 9.11 N, 4.08 
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Preparation of (R)-1-Chloro-4-((E)-1,5-dimethyl-2-hexenyl)benzene ((R)-(E)-41t) 
Me
Si
Me Me
O–Na+
Me
Me
+
Br
APC
dba(4,4'-CF3)
toluene, 70 °C
6 h, 73% 11
10
9
8
2
3
Me
1
4
5
6
Me 7
Me
Na+(R)-39–
10t (R)-(E)-41t
Cl
Cl
 
Following General Procedure I, APC (18.3 mg, 0.05 mmol, 0.025 equiv), (4,4’-CF3)dba 
(148 mg, 0.4 mmol, 0.20 equiv), 10t (383 mg, 2.0 mmol), Na
+
(R)-(Z)-39
−
 (94:6 er, 625 mg, 3.0 
mmol, 1.5 equiv) and toluene (4.0 mL) were combined and heated to 70 °C. After 6 h, the 
reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake 
washed with ether (3 × 15 mL). Purification by silica gel chromatography (30 mm × 20 cm, 
hexane), C-18 reverse phase chromatography (25 cm × 16 cm, MeOH/H2O, 9:1→20:1), and 
Kugelrohr distillation afforded 340 mg (76%) of (R)-(E)-41t as a clear, colorless oil. 
Data for ((R)-(E)-41t): 
 bp: 110 °C (0.9 mm Hg, ABT) 
 1
H NMR: (500 MHz, CDCl3) 
7.27 (m, 2 H, HC(10), 7.16 (m, 2 H, HC(9), 5.55 (ddt, J = 15.2, 6.5, 1.1 1 H, 
HC(3)), 5.45 (dtd, J = 15.2, 7.0, 1.1 1 H, HC(4)), 3.43 (ap, J = 6.9, 1 H, HC(2)), 
1.92 (m, 2 H, HC(5)), 1.62 (m, 1 H, HC(6)), 1.34 (d, J = 7.0, 3 H, HC(1)), 0.90 (d, 
J = 3.6, 3 H, HC(7)), 0.89 (d, J = 3.6, 3 H, HC(7)). 
 13
C NMR: (126 MHz, CDCl3) 
145.0 C(8), 135.6 C(3), 131.5 C(11), 128.5 C(9), 128.43 C(4), 128.38 C(10), 41.9 
C(5), 41.7 C(2), 28.4 C(6), 22.31 C(7), 22.26 C(7), 21.5 C(1). 
 
IR: (film) 
2959 (m), 2928 (w), 2870 (w), 1492 (m), 1465 (w), 1408 (w), 1384 (w), 1367 (w), 
1094 (w), 1014 (w), 971 (w), 826 (w). 
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 MS: (EI, 70 eV) 
222 (M
+
, 43), 179 (12), 165 (97), 152 (100), 131 (47), 103 (14), 77 (11). 
 Opt. Rot.: [α]D
24  −10.4 (c = 2.0, CHCl3) 
 
 TLC: Rf 0.51 (hexane) [silica gel, UV] 
 GC: tR 6.36 min (7.7%); tR (R)-(E)-41t, 6.50 min (92.3%) (GC Method 4). 
 Analysis: C14H19Cl (222.75) 
  Calcd.:  C, 75.49 H, 8.60 
  Found:  C, 75.72 H, 8.76 
 
Preparation of (R)-((E)-1,5-Dimethyl-2-hexenyl)benzene ((R)-(E)-41z) 
Me
Si
Me Me
O–Na+
Me
Me
+
Br
APC
dba(4,4'-CF3)
toluene, 70 °C
24 h, 76%
11
10
9
8
2
3
Me
1
4
5
6
Me 7
Me
Na+(R)-39–
10z (R)-(E)-41z
 
Following General Procedure I, APC (3.7 mg, 0.01 mmol, 0.0050 equiv), (4,4’-CF3)dba 
(148 mg, 0.4 mmol, 0.20 equiv), 10z (314 mg, 2.0 mmol), Na
+
(R)-(Z)-39
−
 (94:6 er, 625 mg, 3.0 
mmol, 1.5 equiv) and toluene (4.0 mL) were combined and heated to 70 °C. After 24 h, the 
reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake 
washed with ether (3 × 15 mL). Purification by silica gel chromatography (30 mm × 20 cm, 
hexane), C-18 reverse phase chromatography (25 cm × 16 cm, MeOH/H2O, 9:1→20:1), and 
Kugelrohr distillation afforded 288 mg (76%) of (R)-(E)-41z as a clear, colorless oil. 
Data for ((R)-(E)-41z): 
 bp: 70 °C (0.7 mm Hg, ABT) 
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 1
H NMR: (500 MHz, CDCl3) 
7.33 (m, 2 H, HC(10)), 7.24 (m, 3 H, HC(9), HC(11)), 5.62 (ddt, J = 15.3, 6.7, 
1.2, 1 H, HC(3)), 5.48 (dtd, J = 15.3, 7.1, 1.2, 1 H, HC(4)), 3.47 (ap, J = 7.0, 1 H, 
HC(2)), 1.94 (m, 2 H, HC(5)), 1.65 (m, 1 H, HC(6)), 1.38 (d, J = 7.0, 3 H, 
HC(1)), 0.92 (d, J = 3.5, 3 H, HC(7)), 0.91 (d, J = 3.5, 3 H, HC(7)). 
 13
C NMR: (126 MHz, CDCl3) 
146.5 C(8), 136.1 C(3), 128.3 C(10), 128.0 C(4), 127.2 C(9), 125.9 C(11), 42.3 
C(2), 41.9 C(5), 28.5 C(6), 22.33 C(7), 22.27 C(7), 21.6 C(1).  
 
IR: (film) 
3027 (w), 2959 (m), 2927 (m), 2870 (m), 1602 (w), 1492 (w), 1452 (m), 1384 
(w), 1367 (w), 1017 (w), 971 (m), 758 (m), 698 (m), 537 (w). 
 MS: (EI, 70 eV) 
188 (M
+
, 6), 145 (18), 131 (97), 118 (100), 105 (36), 91 (47), 77 (11). 
 Opt. Rot.: [α]D
23  −5.80 (c = 2.1, CHCl3) 
 
 TLC: Rf 0.72 (hexane) [silica gel, UV] 
GC: tR 42z, 5.52 min (1.7%); (R)-(E)-41z, 5.68 min (98.3%) (GC Method 4). 
 Analysis: C14H20 (188.31) 
  Calcd.: C, 89.29 H, 10.71 
  Found: C, 89.06 H, 10.75 
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Preparation of (R)-1-((E)-1,5-Dimethyl-2-hexenyl)-2-methylbenzene ((R)-(E)-41aa) 
Me
Si
Me Me
O–Na+
Me
Me
+
Br
APC
dba(4,4'-CF3)
toluene, 70 °C
6 h, 70%
12
11
10
9
8
13
2
3
Me
1
4
5
6
Me 7
Me
Na+(R)-39–
10aa (R)-(E)-41aa
Me
Me 14
 
Following General Procedure I, APC (18.3 mg, 0.05 mmol, 0.025 equiv), (4,4’-CF3)dba 
(148 mg, 0.4 mmol, 0.20 equiv), 10aa (342 mg, 2.0 mmol), Na
+
(R)-(Z)-39
−
 (94:6 er, 625 mg, 3.0 
mmol, 1.5 equiv) and toluene (4.0 mL) were combined and heated to 70 °C. After 6 h, the 
reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter cake 
washed with ether (3 × 15 mL). Purification by silica gel chromatography (30 mm × 20 cm, 
hexane), C-18 reverse phase chromatography (25 cm × 16 cm, MeOH/H2O, 9:1→20:1), and 
Kugelrohr distillation afforded 282 mg (70%) of (R)-(E)-41aa as a clear, colorless oil. 
Data for ((R)-(E)-41aa): 
 bp: 115 °C (0.9 mm Hg, ABT) 
 1
H NMR: (500 MHz, CDCl3) 
7.22 (m, 2 H, HC(10), HC(13)), 7.15 (m, 2 H, HC(11), HC(12)), 5.58 (ddt, J = 
15.3, 6.3, 1.2, 1 H, HC(3)), 5.42 (dtd, J = 15.3, 7.1, 1.4, 1 H, HC(4)), 3.69 (ap, J = 
6.6, 1 H, HC(2)), 2.38 (s, 3 H, HC(14)), 1.93 (m, 2 H, HC(5)), 1.63 (m, 1 H, 
HC(6)), 1.36 (d, J = 7.0, 3 H, HC(1)), 0.92 (d, J = 4.6, 3 H, HC(7)), 0.90 (d, J = 
4.6, 3 H, HC(7)). 
 13
C NMR: (126 MHz, CDCl3) 
144.3 C(8), 135.6 C(3), 135.5 C(9), 130.2 C(11/12), 127.9 C(4), 126.1 C(10) 
C(13), 125.7 C(11/12), 41.9 C(5), 37.8 C(2), 28.5 C(6), 22.35 C(7), 22.25 C(7), 
20.8 C(1), 19.4 C(14). 
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IR: (film) 
3021 (w), 2957 (m), 2870 (m), 1489 (w), 1461 (m), 971 (m), 756 (m), 726 (m). 
 MS: (EI, 70 eV) 
202 (M
+
, 49), 187 (11), 159 (14), 145 (76), 131 (100), 119 (27), 105 (30), 91 (19).  
 Opt. Rot.: [α]D
23  +3.67 (c = 2.1, CHCl3) 
 
 TLC: Rf 0.74 (hexane) [silica gel, UV] 
 GC: tR 5.93 min (3.7%); tR 6.05 min (1.5%); tR (R)-(E)-41aa 6.11 min (94.8%) (GC 
Method 4). 
 Analysis: C15H22 (202.34) 
  Calcd.:  C, 89.04 H, 10.96 
  Found:  C, 88.78 H, 11.24 
 
General Procedure II: Ozonolysis of 20 with Reductive Workup Protocol 
Me
Me
Me
1. O3
DCM, -78 °C
2. NaBH4
EtOH, -78 °Crt
Me
OH
R R  
In a 25-mL, single-necked, round-bottomed flask containing a magnetic stir bar, equipped 
with a three-way adapter and gas dispersion tube was combined the substrate 41 and 
dichloromethane. The solution was then cooled to −78 °C under nitrogen. Ozone (scrubbed with 
2-propanol/dry ice) was then bubbled through the solution until it turned blue (approx. 2 min). 
Nitrogen was then bubbled through the solution until colorless. While still at −78 °C, a freshly 
prepared solution of sodium borohydride (0.5 M in ethanol) was added dropwise by syringe. The 
contents were then allowed to warm to rt with stirring and without removal of the cooling bath. 
After 18 h, the mixture was diluted with ether (25 mL) and 0.2 M HCl (50 mL) was added 
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slowly by pipette. The biphasic mixture was then stirred for 1 h. The aqueous phase was 
separated in a 250-mL separatory funnel and was extracted with ether (2 × 25 mL). The three 
separate organic extracts were then sequentially washed with H2O (2 × 25 mL) and brine (25 
mL), then were combined, dried over MgSO4 until flocculent, and filtered. The filtrate was 
concentrated (23 °C, 10 mm Hg) and the residue was purified by column chromatography (silica 
gel), followed by Kugelrohr distillation. 
 
Preparation of (S)--Methyl-1-naphthyleneeethanol ((S)-43a) 
Me
Me
Me
1. O3
DCM, -78 °C
2. NaBH4
EtOH, -78 °Crt
8
7
6
5
4
13
2
3
Me
1
OH
(R)-(E)-41a (S)-43a
12
11
10
9
 
Following General Procedure II, (R)-(E)-41a (238 mg, 1.00 mmol) and dichloromethane 
(20 mL) were combined and cooled to −78 °C. Ozone was introduced as described, followed by 
a solution of NaBH4 (378 mg, 1.00 mmol, 10.0 equiv) in EtOH (20 mL) by syringe. After 18 h, 
the reaction mixture was quenched with 0.2 M HCl (50 mL) and was extracted with ether (25 
mL). Purification by silica gel chromatography (20 mm × 20 cm, pentane/EtOAc, 4:1→1:1) and 
Kugelrohr distillation afforded 134 mg (72%) of (S)-43a as a clear, colorless oil. Spectroscopic 
data matched those reported in the literature.
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Data for ((S)-43a): 
 bp: 110 °C (1.2 mm Hg, ABT) 
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 1
H NMR: (500 MHz, CDCl3) 
8.16 (d, J = 8.5, 1 H, HC(12)), 7.88 (m, 1 H, HC(9)), 7.76 (d, J = 8.1, 1 H, 
HC(7)), 7.50 (m, 4 H, HC(5), HC(6), HC(10), HC(11)), 3.90 (m, 2 H, HC(3)), 
3.89 (m, 1 H, HC(2)), 1.52 (br, 1 H, HO), 1.45 (d, J = 6.7, 3 H, HC(1)). 
 13
C NMR: (126 MHz, CDCl3) 
139.5 C(4), 134.0 C(8), 131.9 C(13), 129.0 C(9), 127.1 C(7), 126.0 C(11), 125.5 
C(6/10), 123.02 C(12), 123.00 C(5), 68.1 C(3), 36.3 C(2), 17.8 C(1). 
 
IR: (film) 
3352 (br), 3048 (w), 2965 (m), 2934 (w), 2876 (w), 1928 (w), 1809 (w), 1597 
(w), 1511 (w), 1454 (w), 1369 (m), 1328 (w), 1256 (w), 1169 (w), 1080 (w), 1033 
(m), 996 (m), 976 (w), 900 (w), 860 (w), 798 (m), 778 (s), 735 (w), 618 (w), 567 
(w). 
 MS: (EI, 70 eV) 
186 (M
+
, 25), 155 (100), 129 (10). 
 Opt. Rot.: [α]D
21  +26.5 (c = 0.9, CHCl3) 
 
 TLC: Rf 0.16 (pentane/EtOAc, 4:1) [silica gel, UV] 
 SFC: tR (S)-43a, 28.9 min (98.1%); tR (R)-43a, 33.3 min (1.9%) (Chiralpak AD, 1.5% 
MeOH, 2.0 mL/min, 125 bar CO2, 40 °C). 
 HRMS: C13H14O (M
+
, EI, 70 eV) 
  Calcd.:  186.1045  
  Found:  186.1047 
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Preparation of (S)-4-Methoxy--methyl-benzeneethanol ((S)-43b) 
Me
Me
Me
1. O3
DCM, -78 °C
2. NaBH4
EtOH, -78 °Crt 7
6
5
4
2
3
Me
1
OH
(R)-(E)-41b (S)-43b
MeO MeO8
 
Following General Procedure II, (R)-(E)-41b (188 mg, 0.862 mmol) and dichloromethane 
(17 mL) were combined and cooled to −78 °C. Ozone was introduced as described, followed by 
a solution of NaBH4 (326 mg, 8.62 mmol, 10.0 equiv) in EtOH (17 mL) by syringe. After 18 h, 
the reaction mixture was quenched with 0.2 M HCl (50 mL) and was extracted with ether (25 
mL). Purification by silica gel chromatography (20 mm × 20 cm, pentane/EtOAc, 4:1→1:1) and 
Kugelrohr distillation afforded 107 mg (75%) of (S)-43b as a clear, colorless oil that solidified 
upon standing at rt. Spectroscopic data matched those reported in the literature.
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Data for ((S)-43b): 
 bp: 120 °C (0.9 mm Hg, ABT) 
mp: 35–36 °C 
 1
H NMR: (500 MHz, CDCl3) 
7.16 (m, 2 H, HC(6)), 6.88 (m, 2 H, HC(5)), 3.79 (s, 3 H, HC(8)), 3.65 (m, 2 H, 
HC(3)), 2.90 (m, 1 H, HC(2), 1.54 (br, 1 H, HO), 1.25 (d, J = 7.0, 3 H, HC(1). 
 13
C NMR: (126 MHz, CDCl3) 
158.3 C(7), 135.6 C(4), 128.3 C(5), 114.0 C(6), 68.7 C(3), 55.2 C(8), 41.5 C(2), 
17.7 C(1). 
 
IR: (film) 
3370 (br), 2960 (m), 2934 (m), 2875 (w), 2836 (w), 1612 (m), 1584 (w), 1514 (s), 
1464 (m), 1421 (w), 1380 (w), 1302 (m), 1248 (s), 1179 (m), 1120 (m), 1076 (w), 
1038 (m), 1008 (m), 975 (w), 884 (w), 829 (m), 808 (w), 729 (w), 689 (w). 
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 MS: (EI, 70 eV) 
166 (M
+
, 15), 135 (100), 105 (12), 77 (10). 
 Opt. Rot.: [α]D
23  −15.5 (c = 2.1, CHCl3) 
 
 TLC: Rf 0.41 (pentane/EtOAc, 5:2) [silica gel, UV] 
 SFC: tR (S)-43b, 10.0 min (98.4%); tR (R)-43b, 11.5 min (1.6%) (Chiralpak AD, 2.5% 
MeOH, 2.0 mL/min, 125 bar CO2, 40 °C). 
 HRMS: C10H14O (M
+
, EI, 70 eV) 
  Calcd.:  166.0994  
  Found:  166.0996 
 
Preparation of (S)-2-Methoxy--methyl-benzeneethanol ((S)-43e) 
Me
Me
Me
1. O3
DCM, -78 °C
2. NaBH4
EtOH, -78 °Crt
8
7
6
5
4
9
2
3
Me
1
OH
(R)-(E)-31e (S)-43e
OMe OMe 10
 
Following General Procedure II, (R)-(E)-41e (177 mg, 0.811 mmol) and dichloromethane 
(17 mL) were combined and cooled to −78 °C. Ozone was introduced as described, followed by 
a solution of NaBH4 (307 mg, 8.11 mmol, 10.0 equiv) in EtOH (17 mL) by syringe. After 18 h, 
the reaction mixture was quenched with 0.2 M HCl (50 mL) and was extracted with ether (25 
mL). Purification by silica gel chromatography (20 mm × 20 cm, pentane/EtOAc, 4:1→1:1) and 
Kugelrohr distillation afforded 72 mg (53%) of (S)-43e as a clear, colorless oil. Spectroscopic 
data matched those reported in the literature.
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Data for ((S)-43e): 
 bp: 95 °C (1.2 mm Hg, ABT) 
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 1
H NMR: (500 MHz, CDCl3) 
7.21 (m, 2 H, HC(7), HC(8)), 6.96 (m, 1 H, HC(9)), 6.89 (d, J = 7.8, 1 H, HC(6)), 
3.83 (s, 3 H, HC(10)), 3.72 (m, 2 H, HC(3)), 3.44 (m, 1 H, HC(2)), 1.57 (br, 1 H, 
HO), 1.27 (d, J = 7.1, 3 H, HC(1)). 
 13
C NMR: (126 MHz, CDCl3) 
157.3 C(5), 131.7 C(4), 127.4 C(7), 127.3 C(9), 120.8 C(6), 110.5 C(8), 67.8 
C(3), 55.3 C(10), 35.1 C(2), 16.5 C(1). 
 
IR: (film) 
3362 (br), 3064 (w), 3031 (w), 2962 (m), 2876 (w), 2836 (w), 1600 (w), 1585 
(w), 1493 (s), 1464 (m), 1438 (m), 1346 (w), 1290 (w), 1243 (s), 1191 (w), 1172 
(w), 1130 (w), 1078 (w), 1032 (m), 1013 (m), 976 (w), 931 (w), 849 (w), 806 (w), 
753 (m). 
 MS: (EI, 70 eV) 
166 (M
+
, 30), 135 (100), 105 (31), 91 (20), 77 (16). 
 Opt. Rot.: [α]D
21  +5.27 (c = 0.9, CHCl3) 
 
 TLC: Rf 0.21 (pentane/EtOAc, 4:1) [silica gel, UV] 
 SFC: tR (S)-43e, 9.49 min (99.4%); (R)-43e, 10.1 min (0.6%) (Chiralpak AD, 1.5% 
MeOH, 2.0 mL/min, 125 bar CO2, 40 °C). 
 HRMS: C10H14O2 (M
+
, EI, 70 eV) 
  Calcd.:  166.0994  
  Found:  166.0993 
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Preparation of (S)-4-Chloro--methyl-benzeneethanol ((S)-43t) 
Me
Me
Me
1. O3
DCM, -78 °C
2. NaBH4
EtOH, -78 °Crt 7
6
5
4
2
3
Me
1
OH
(R)-(E)-41t (S)-43t
Cl Cl
 
Following General Procedure II, (R)-(E)-41t (186 mg, 0.835 mmol) and dichloromethane 
(17 mL) were combined and cooled to −78 °C. Ozone was introduced as described, followed by 
a solution of NaBH4 (316 mg, 8.35 mmol, 10.0 equiv) in EtOH (17 mL) by syringe. After 18 h, 
the reaction mixture was quenched with 0.2 M HCl (50 mL) and was extracted with ether (25 
mL). Purification by silica gel chromatography (20 mm × 20 cm, pentane/EtOAc, 4:1→1:1) and 
Kugelrohr distillation afforded 67 mg (47%) of (S)-43t as a clear, colorless oil. Spectroscopic 
data matched those reported in the literature.
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Data for ((S)-43t): 
 bp: 90 °C (1.2 mm Hg, ABT) 
 1
H NMR: (500 MHz, CDCl3) 
7.30 (m, 2 H, HC(6)), 7.17 (m, 2 H, HC(5)), 3.68 (m, 2 H, HC(3)), 2.93 (m, 1 H, 
HC(2)), 1.44 (br, 1 H, HO), 1.26 (d, J = 7.0, 3 H, HC(1)). 
 13
C NMR: (126 MHz, CDCl3) 
142.2 C(4), 132.3 C(7), 128.8 C(5), 128.7 C(6), 68.5 C(3), 41.8 C(2), 17.5 C(1). 
 
IR: (film) 
3350 (br), 3028 (w), 2964 (m), 2931 (m), 2876 (m), 1897 (w), 1649 (w), 1597 
(w), 1493 (s), 1457 (m), 1410 (m), 1382 (w), 1232 (w), 1181 (w), 1191 (s), 1039 
(s), 1012 (s), 976 (w), 938 (w), 897 (w), 825 (s), 788 (w), 768 (w), 720 (w), 670 
(w). 
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 MS: (EI, 70 eV) 
170 (M
+
, 19), 139 (100), 103 (43), 77 (19). 
 Opt. Rot.: [α]D
23  −14.1 (c = 0.8, CHCl3) 
 
 TLC: Rf 0.15 (pentane/EtOAc, 4:1) [silica gel, UV] 
 SFC: tR (S)-43t, 13.2 min (97.8%); tR (R)-43t, 14.6 min (2.2%) (Chiralpak AD, 1.5% 
MeOH, 2.0 mL/min, 125 bar CO2, 40 °C). 
 HRMS: C9H11OCl (M
+
, EI, 70 eV) 
  Calcd.:  170.0498 
  Found:  170.0498 
 
Preparation of (S)--Methyl-4-trifluoromethyl-benzeneethanol ((S)-43n) 
Me
Me
Me
1. O3
DCM, -78 °C
2. NaBH4
EtOH, -78 °Crt 7
6
5
4
2
3
Me
1
OH
(R)-(E)-41n (S)-43n
F3C F3C8
 
Following General Procedure II, (R)-(E)-41n (202 mg, 0.788 mmol) and dichloromethane 
(16 mL) were combined and cooled to −78 °C. Ozone was introduced as described, followed by 
a solution of NaBH4 (298 mg, 7.88 mmol, 10.0 equiv) in EtOH (16 mL) by syringe. After 18 h, 
the reaction mixture was quenched with 0.2 M HCl (50 mL) and was extracted with ether (25 
mL). Purification by silica gel chromatography (20 mm × 20 cm, pentane/EtOAc, 4:1→1:1) and 
Kugelrohr distillation afforded 96 mg (60%) of (S)-43n as a clear, colorless oil. 
Data for ((S)-43n): 
 bp: 80 °C (0.8 mm Hg, ABT) 
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 1
H NMR: (500 MHz, CDCl3) 
7.59 (d, J = 8.1, 2 H, HC(6)), 7.36 (d, J = 8.1, 2 H, HC(5)), 3.73 (m, 2 H, HC(3)), 
3.02 (sextet, J = 6.9, 1 H, HC(2)), 1.51 (br, 1 H, HO), 1.29 (d, J = 7.0, 3 H, 
HC(1)). 
 13
C NMR: (126 MHz, CDCl3) 
148.0 C(4), 112.9 (q, J = 32.5, C(7)), 127.8 C(5), 125.5 (q, J = 3.7, C(6)), 125.4 
(q, J = 271.8, C(12)), 68.3 C(3), 42.3 C(2), 17.4 C(1). 
 
IR: (film) 
3348 (br), 2969 (w), 2935 (w), 2880 (w), 1919 (w), 1620 (m), 1458 (w), 1421 
(m), 1384 (w), 1327 (s), 1165 (s), 1122 (s), 1070 (s), 1045 (m), 1015 (m), 977 
(w), 954 (w), 898 (w), 839 (m), 726 (w), 643 (w), 607 (m), 542 (w), 524 (w). 
 MS: (EI, 70 eV) 
204 (M
+
, 11), 185 (14), 173 (100), 154 (41), 133 (40), 127 (41), 105 (32), 77 (10). 
 Opt. Rot.: [α]D
23  −10.0 (c = 1.8, CHCl3) 
 
 TLC: Rf 0.19 (pentane/EtOAc, 4:1) [silica gel, aqueous KMnO4] 
 HRMS: C10H11OF3 (M
+
, EI, 70 eV) 
  Calcd.:  204.0762  
  Found:  204.0764 
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Preparation of (S)--Methyl-4-trifluoromethyl-benzeneethanol 3,5-Dinitrophenyl-carbamate 
((S)-43n’) 
Me
OH
toluene, 110 °C
(S)-43n
F3C
N3
O
NO2
NO2
+
7
6
5
4
2
3
Me
1
O
F3C8
9
H
N 10
11
12
13
NO2
NO2
O
(S)-43n'  
In a 10-mL, single-necked, round-bottomed flask containing a magnetic stir bar and 
equipped with a reflux condenser, three-way argon inlet and capped with a septum was 
combined (S)-43n (46 mg, 0.225 mmol), toluene (5.6 mL), and 3,5-dinitrobenzoyl azide (64 mg, 
0.270 mmol, 1.2 equiv). The mixture was then brought to reflux in a 115 °C oil bath. After 3 h at 
reflux, the solution was cooled to room temperature and was concentrated (23 °C, 10 mm Hg). 
The residue was purified by column chromatography (silica gel, 20 mm × 10 cm, hexane/EtOAc, 
7:3), concentrated (23 °C, 10 mm Hg), triturated with pentane, and concentrated (23 °C, 10 mm 
Hg) to afford 88 mg (95%) of (S)-43n’ as a white powder. 
Data for ((S)-43n’): 
mp: 123–124 °C  
 1
H NMR: (500 MHz, CDCl3) 
8.72 (t, J = 2.0, 1 H, HC(13)), 8.62 (s, 2 H, HC(11)), 7.61 (d, J = 8.1, 2 H, 
HC(6)), 7.38 (d, J = 8.1, 2 H, HC(5)), 7.02 (br, 1 H, HN), 4.38 (m, 2 H, HC(3)), 
3.27 (m, 1 H, HC(2)), 1.37 (d, J = 7.1, 3 H, HC(1)). 
 13
C NMR: (126 MHz, CDCl3) 
152.5 C(9), 148.8 C(4), 146.7 C(12), 140.3 C(10), 129.2 (q, J = 32.5, C(7)), 127.6 
C(5), 125.6 (q, J = 3.7, C(6), 124.1 (q, J = 271.9, C(8), 117.9 C(11), 112.9 C(13), 
70.4 C(3), 39.0 C(2), 17.9 C(1). 
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IR: (film) 
3344 (w), 3112 (w), 2973 (w), 1718 (w), 1606 (w), 1548 (s), 1467 (w), 1347 (m), 
1327 (m), 1246 (m), 1165 (w), 1122 (m), 1069 (m), 1016 (w), 965 (w), 896 (w), 
841 (w), 820 (w), 768 (w), 730 (m), 653 (w), 607 (w), 539 (w). 
 MS: (ESI) 
413 (M
+
, 17), 406 (12), 381 (22), 361 (14), 360 (95), 338 (100). 
 Opt. Rot.: [α]D
23  −22.8 (c = 2.1, CHCl3) 
 
 TLC: Rf 0.45 (hexane/EtOAc, 7:3) [silica gel, UV] 
 SFC: tR (R)-43n’, 8.59 min (0.7%); tR (S)-43n’, 9.39 min (99.3%) (Chiralpak AD, 15% 
MeOH, 3.0 mL/min, 125 bar CO2, 40 °C). 
 HRMS: C17H14F3N3O6 (M
+ 
+ Na, ESI) 
  Calcd.:  436.0732 
  Found:  436.0731 
 
 
Preparation of (S)--Methyl-benzeneethanol ((S)-43z) 
Me
Me
Me
1. O3
DCM, -78 °C
2. NaBH4
EtOH, -78 °Crt 7
6
5
4
2
3
Me
1
OH
(R)-(E)-41z (S)-43z  
Following General Procedure II, (R)-(E)-41z (161 mg, 0.857 mmol) and dichloromethane 
(17 mL) were combined and cooled to −78 °C. Ozone was introduced as described, followed by 
a solution of NaBH4 (324 mg, 8.57 mmol, 10.0 equiv) in EtOH (17 mL) by syringe. After 18 h, 
the reaction mixture was quenched with 0.2 M HCl (50 mL) and was extracted with ether (25 
mL). Purification by silica gel chromatography (20 mm × 20 cm, pentane/EtOAc, 4:1→1:1) and 
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Kugelrohr distillation afforded 77 mg (66%) of (S)-43z as a clear, colorless oil. Spectroscopic 
data matched those reported in the literature.
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Data for ((S)-43z): 
 bp: 90 °C (1.5 mm Hg, ABT) 
 1
H NMR: (500 MHz, CDCl3) 
7.36 (m, 2 H, HC(6)), 7.26 (m, 3 H, HC(5), HC(7)), 3.70 (d, J = 6.8, 2 H, HC(3)), 
2.96 (sextet, J = 7.0, 1 H, HC(2)), 1.62 (br, 1 H, HO), 1.30 (d, J = 7.0, 3 H, 
HC(1)). 
 13
C NMR: (126 MHz, CDCl3) 
143.7 C(4), 128.6 C(6), 127.4 C(5), 126.6 C(7), 68.6 C(3), 42.4 C(2), 17.5 C(1). 
 
IR: (film) 
3356 (br), 3084 (w), 3062 (w), 3028 (w), 2962 (w), 2930 (w), 2875 (w), 1602 (w), 
1494 (w), 1452 (w), 1384 (w), 1193 (w), 1092 (w), 1068 (w), 1034 (m), 1014 (m), 
911 (w), 761 (w), 700 (s), 606 (w). 
 MS: (EI, 70 eV) 
136 (M
+
, 12), 105 (100), 91 (15), 80 (18). 
 Opt. Rot.: [α]D
23  −14.2 (c = 1.6, CHCl3) 
 
 TLC: Rf 0.21 (4:1 pentane/EtOAc) [silica gel, UV] 
 SFC: tR (S)-43z, 7.16 min (98.1%); tR (R)-43z, 7.94 min (1.9%) (Chiralpak AD, 1.5% 
MeOH, 2.0 mL/min, 125 bar CO2, 40 °C). 
 HRMS: C9H12O (M
+
, EI, 70 eV) 
  Calcd.:  136.0888  
  Found:  136.0887 
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Preparation of (S)-2-Methyl--methyl-benzeneethanol ((S)-43aa) 
Me
Me
Me
1. O3
DCM, -78 °C
2. NaBH4
EtOH, -78 °Crt
8
7
6
5
4
9
2
3
Me
1
OH
(R)-(E)-41aa
(S)-43aa
Me Me 10
 
Following General Procedure II, (R)-(E)-41aa (179 mg, 0.883 mmol) and 
dichloromethane (17 mL) were combined and cooled to −78 °C. Ozone was introduced as 
described, followed by a solution of NaBH4 (334 mg, 8.83 mmol, 10.0 equiv) in EtOH (17 mL) 
by syringe. After 18 h, the reaction mixture was quenched with 0.2 M HCl (50 mL) and was 
extracted with ether (25 mL). Purification by silica gel chromatography (20 mm × 20 cm, 
pentane/EtOAc, 4:1→1:1) and Kugelrohr distillation afforded 79 mg (59%) of (S)-43aa as a 
clear, colorless oil. 
Data for ((S)-43aa): 
 bp: 80 °C (0.7 mm Hg, ABT) 
 1
H NMR: (500 MHz, CDCl3) 
7.21 (m, 1 H, HC(6)), 7.18 (d, J = 7.3, 1 H, HC(9)), 7.14 (m, 2 H, HC(7), HC(8)), 
3.72 (m, 2 H, HC(3)), 3.27 (m, 1 H, HC(2), 1.50 (br, 1 H, HO), 1.25 (d, J = 7.0, 3 
H, HC(1). 
 13
C NMR: (126 MHz, CDCl3) 
141.7 C(4), 136.4 C(5), 130.5 C(9), 126.3 C(7), 126.2 C(8), 125.4 C(6), 67.9 
C(3), 37.2 C(2), 19.6 C(10), 17.5 C(1). 
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IR: (film) 
3350 (br), 3064 (w), 3021 (w), 2964 (m), 2874 (m), 1604 (w), 1492 (m), 1461 
(m), 1382 (w), 1214 (w), 1179 (w), 1130 (w), 1101 (w), 1035 (s), 1012 (m), 938 
(w), 896 (w), 759 (s), 727 (m), 615 (w), 568 (w). 
 MS: (EI, 70 eV) 
150 (M
+
, 20), 119 (100), 91 (19). 
 Opt. Rot.: [α]D
23  −5.32 (c = 1.5, CHCl3) 
 
 TLC: Rf 0.21 (pentane/EtOAc, 4:1) [silica gel, UV] 
 SFC: tR (S)-43aa, 8.69 min (98.5%); tR (R)-43aa, 9.60 min (1.5%) (Chiralpak AD, 1.0% 
MeOH, 2.0 mL/min, 125 bar CO2, 40 °C). 
 HRMS: C10H14O (M
+
, EI, 70 eV) 
  Calcd.:  150.1045 
  Found:  150.1044 
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7.6. Detailed Experimental Procedures for Chapter 5 
General Procedure I: Cross-Coupling Protocol for Scheme 38 
Me Si
Me Me
O–Na+
+
Br
catalyst
ligand
toluene, 70 °C
Me
R R  
In a 5-mL, single-necked, round-bottomed flask containing a magnetic stir bar, equipped 
with a reflux condenser and three-way argon inlet capped with a septum was combined 
palladium catalyst and ligand. The flask was then sequentially evacuated and filled with argon 
three times. The aromatic bromide (1.0 equiv) was then added by syringe. The silanolate, 
preweighed in a 10-mL, two-necked, round-bottomed flask in a dry box, was dissolved in 
toluene and added to the aromatic bromide by syringe. The reaction mixture was then heated 
under argon in a pre-heated oil bath. Aliquots (25 L) removed from the reaction mixture by 
syringe were quenched with 10% 2-(dimethylamino)ethanethiol hydrochloride solution (150 
L), and then were extracted with EtOAc (1.0 mL). The organic extract was then filtered through 
a small plug of silica gel in a pipette (0.5 cm × 1.0 cm) and the filter cake was washed with 
EtOAc (0.5 mL). The sample was then analyzed by GC and CSP-GC. 
 
General Procedure II: Cross-Coupling Protocol for Scheme 39–Scheme 46 and Table 16–Table 
19 
R2
Si
R R
O–Na+ +
Br
catalyst
ligand
solvent, temp.
Me
R R
R1
 
In a dry box, the ligand was weighed into an oven dried, Dram vial containing a magnetic 
stir bar. The palladium catalyst was then weighed and added to the vial. A solution of the internal 
standard, aromatic bromide, and silanolate in the reaction solvent was then added to the vial by 
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syringe. The vial was then capped with a Teflon lined screw cap which was then wrapped with 
electrical tape. The vial was then removed from the dry box and heated in a preheated oil bath. 
After the allotted reaction time, an analytical aliquot (25 L) was removed from the reaction 
mixture by syringe and quenched with 10% 2-(dimethylamino)ethanethiol hydrochloride 
solution (150 L), and then were extracted with EtOAc (1.0 mL). The organic extract was then 
filtered through a small plug of silica gel in a pipette (0.5 cm × 1.0 cm) and the filter cake was 
washed with EtOAc (0.5 mL). The sample was then analyzed by GC and CSP GC.  
 
Preparation of (1-Methyl-2-propenyl)benzene (1z) 
Si
ONa
Me Me
2.0 equiv
Me
Pd(dba)2 (5 mol%)
nbd (5 mol %)
toluene, 70 °C
+
Br
Me
 
To an oven dried, 5-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, equipped with a reflux condenser and an argon inlet capped with a septum was added 
Pd(dba)2 (28.8 mg, 0.05 mmol, 0.05 equiv). The flask was then sequentially evacuated and filled 
with argon three times. The bromobenzene (105 L, 1.0 mmol, 1 equiv) was then added by 
syringe. Sodium 2-butenyldimethylsilanolate (308 mg, 2.0 mmol, 2.0 equiv), pre-weighed into a 
10-mL, two-necked, round-bottomed flask in a dry-box, was then dissolved in toluene (2.0 mL) 
and then norbornadiene (nbd, 5.2 L, 0.05 mmol, 0.050 equiv) was added by syringe. The 
solution of silanolate and nbd in toluene was then added to the aryl bromide by syringe. The 
reaction mixture was heated under argon to 70 °C in a preheated oil bath. After 18 h, the mixture 
was cooled to rt, filtered through silica gel (2 cm × 2 cm) in a glass-fritted filter (C, 2 cm × 5 cm) 
and the filter cake washed with ether (3 × 10 mL). Purification by silica gel chromatography (20 
cm × 20 mm, pentane) and C-18 reverse phase chromatography (20 cm × 10 mm, MeOH/H2O, 
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9:1) followed by Kugelrohr distillation afforded 105 mg (80%) of 1z as a clear, colorless oil. 
Spectroscopic data matched those reported in the literature.
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Data for (1z): 
 1H NMR: (500 MHz, CDCl3) 
  7.31 (m, 2 H), 7.21 (m, 3 H), 6.02 (ddd, J = 6.5, 10.3, 16.9, 1 H), 5.05 (tdd, J = 
1.5, 7.2, 10.3, 1 H) 3.47 (ap, J = 6.9, 1 H), 1.37 (d, J = 7.0, 3 H). 
 TLC: Rf 0.40 (hexane) [silica gel, aqueous KMnO4] 
 
(1R)-Phenyl(1,7,7-Trimethylbicyclo[2.2.1]hept-2-en-2-yl)methanone (50) 
Me
Me Me
OTf
Pd(Ph3P)4 (5%)
CO (1 atm)
LiCl, THF, 65 oC
+
Sn(Bu)3
Me
Me Me
Ph
O
1.0 equiv  
In a dry-box, to an oven dried, 5-mL, single-neck, round-bottomed flask, containing a 
magnetic stir bar, equipped with a reflux condenser and an argon inlet capped with a septum was 
added Pd(Ph3P)4 (14 mg, 0.0125 mmol, 0.05 equiv) and LiCl (25 mg, 0.60 mmol, 2.4 equiv). The 
flask was stoppered and removed the dry-box. The headspace of the flask was then purged with 
CO for 30 s. The triflate 50’ (58 L, 0.25 mmol, 1.0 equiv ) dissolved in THF (2.5 mL) was then 
added by syringe. The mixture was then heated under a balloon of CO at 65 °C in a preheated oil 
bath for 5 min, and then phenyltributylstannane (98 L, 0.30 mmol, 1.2 equiv) was added by 
syringe. The mixture was vigorously stirred for 18 h under an atmosphere of CO (balloon), then 
cooled to room temperature, diluted with ether (15 mL), and extracted with sat. aq. KF (3 mL). 
The aqueous phase was separated in a 60-mL separatory funnel and was extracted with ether (2 × 
15 mL). The three separate organic extracts were then sequentially washed with H2O (2 × 15 
mL) and brine (15 mL), then were combined, dried over MgSO4 until flocculent, and filtered. 
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The filtrate was concentrated and the residue was purified by column chromatography (20 mm × 
15 cm, pentane/ether, 20:1→9:1), followed by column chromatography ( 20 mm × 20 cm, 4:1 
CH2Cl2/pentane), followed by Kugelrohr distillation to afford 38 mg (63%) of 50 as a viscous, 
clear, and colorless oil. Spectroscopic data matched those reported in the literature.
207
 
Data for (50): 
bp:  110 °C (0.5 mm Hg, ABT) 
 1
H NMR: (500 MHz, CDCl3) 
  7.81 (dd, J = 1.4, 7.0, 2 H), 7.53 (m, 1 H) ppm 7.43 (t, J = 7.6, 2 H) 6.53 (d, J = 
3.3, 1 H), 2.56 (t, J = 3.7, 1 H), 1.97 (tdd, J = 3.9, 8.1, 12.4, 1 H), 1.67 (ddd, J = 
3.7, 8.6, 12.2, 1 H), 1.33 (m, 1 H), 1.31 (s, 3 H), 1.00 (m, 1 H), 0.98 (s, 1H), 0.86 
(s, 1H). 
 TLC: Rf 0.76 (pentane/ether, 4:1) [silica gel, aqueous KMnO4] 
 
Preparation of (Z)-1,1-Diethyl-1-(2-buten-1-yl)silanol ((Z)-55) 
Si
OH
Si
Cl
Cl Cl
1. EtMgBr (2 equiv)
THF, 78 °Crt
2. pH 5
acetate buffer
ether, rt
(Z)-16 (Z)-17
Me Me
MeMe
 
To a three-necked, 500 mL, round-bottom flask equipped with a magnetic stir bar, two 
septa, and an argon inlet was added THF (102 mL) and (Z)-2-butenyltrichlorosilane (8.05 mL, 51 
mmol, 1.0 equiv). The solution was then cooled to −78 °C. EtMgBr (47 mL, 102 mmol, 2 equiv) 
was then added by cannula (~1.5 mL/min) over the course of 1 h. The resulting mixture was 
stirred 30 min at −78 °C and then warmed to rt over the course of 1 h by removal of the cooling 
bath. The resulting suspension was then slowly poured into a 1-L Erlenmeyer flask containing 
vigorously stirred acetate buffer (337 mL, pH 5, 1 M) and ether (68 mL). After 5 min, the 
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reaction mixture was then poured into a 1-L separatory funnel and the aqueous phase was 
separated and washed with ether (2 x 50 mL), The three separate organic extracts were then 
sequentially washed with H2O (150 mL), sat. aq. NaHCO3 (150 mL), H2O (150 mL), and the pH 
of the resulting aqueous wash was checked with litmus paper to ensure alkalinity. The three 
separate organic extracts were then washed with brine (150 mL), combined, dried over NaSO4 
until flocculent, and concentrated (23 °C, 10 mm Hg). The residue was then purified by column 
chromatography (silica gel, 40 mm × 20 cm, pentane/ether, 4:1). Fractions were combined, 
concentrated to ~15 mL (23 °C, 10 mm Hg) and transferred to a dry box for conversion to its 
sodium salt. 
Data for ((Z)-55): 
 TLC: Rf 0.29 (pentane/Et2O, 4:1) [silica gel, aqueous KMnO4] 
 
Preparation of Sodium (Z)-1,1-Dimethyl-1-(2-buten-1-yl)silanolate ((Z)-Na
+
55
−
) 
Si
OH
Me
MeMe
2
3
4
Si
ONa
5
NaH
hexane, rt
(Z)-55 (Z)-Na55
Me
1
Me
6
Me
 
In a dry box, NaH (240 mg, 9.98 mmol, 1.3 equiv) was weighed into a 50-mL, single-
necked, round-bottomed flask containing a magnetic stir bar and suspended in hexane (10 mL). 
The silanol (Z)-55 in pentane/ether, 4:1 (~15 mL) and was added dropwise to the stirred 
suspension of NaH. After addition the reaction was aged 30 min with stirring, then was filtered 
through a fritted-glass funnel (M, 30 mL) into a 100-mL Schlenk flask and the filter cake was 
washed with hexane (10 mL). The colorless solution was then removed from the dry box and 
concentrated (23 °C, 0.5 mm Hg). After 3 h under vacuum the semisolid was dissolved in hexane 
(10 mL) and concentrated (23 °C, 0.5 mm Hg). After 12 h under vacuum (23 °C, 0.5 mm Hg), 
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the resultant white solid was harvested to provide 6.67 g (72%) of Na
+
(Z)-55
−
. The silanolate 
Na
+
(Z)-55
−
 was stable for months when stored in an anhydrous environment without change of 
reactivity or purity as determined by 
1
H NMR analysis. 
Data for ((Z)-Na
+
55
−
): 
 1H NMR: (500 MHz, C6D6) 
  5.82 (m, 1 H, HC(2)), 5.43 (m, 1 H, HC(3)), 1.67 (d, J = 6.6, 3 H, HC(1)), 1.58 (d, 
J = 8.7, 2 H, HC(4)), 1.07 (t, J = 8.0, 6 H, HC(6)), 0.53 (m, 4 H, HC(5)). 
 13C NMR: (126 MHz, C6D6) 
 132.2 C(2), 119.1 C(3), 19.2 C(4), 12.7 C(1), 10.2 C(5), 8.3 C(6). 
 
Preparation of 1,3-Dimethyl-5-(1-Methyl-2-propenyl)benzene 1q 
+
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH
BF4
 (3 mol %)
toluene, 70 °C
1
2
3
4
5
7
8
9 Me
Me 6
Me
BrMe
Me
Si
O-Na+
Me
MeMe
 
To a flame dried, 2-mL, Schlenk tube, containing a magnetic stir bar, equipped with a 
sidearm argon inlet and capped with a septum was added Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 
equiv) and t-BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv). The flask was then sequentially 
evacuated and filled with argon three times. The aromatic bromide 10q (185 mg, 1.0 mmol, 1 
equiv) was then added by syringe. Sodium (Z)-2-butenyldiethylsilanolate (270 mg, 1.5 mmol, 1.5 
equiv), pre-weighed into a 10-mL, two-necked, round-bottomed flask in a dry-box, was then 
dissolved in toluene (1.0 mL) and added by syringe. The septum was replaced with a Teflon plug 
valve under an active flow of argon and the tube sealed. The mixture was then stirred at rt for 5 
min then heated to 70 °C in a preheated oil bath. After 24 h, the mixture was cooled to rt, filtered 
through silica gel (2 cm × 2 cm) in a glass-fritted filter (C, 2 cm × 5 cm) and the filter cake 
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washed with ether (3 × 30 mL). The filtrate was concentrated (30 °C, 100 mm Hg) and then 
vigorously stirred with sat. aq. KF (10 mL) for 1 h. To the mixture was added ether (15 mL). The 
aqueous phase was separated in a 60-mL separatory funnel and was extracted with ether (2 × 15 
mL). The three separate organic extracts were then sequentially washed with H2O (2 × 15 mL) 
and brine (15 mL), then were combined, dried over MgSO4 until flocculent, and filtered. 
Concentration of the filtrate (30 °C, 100 mm Hg) and purification by silica gel chromatography 
(30 cm × 20 mm, pentane) followed by Kugelrohr distillation afforded 144 mg (90%) of 1q as a 
clear, colorless oil. Spectroscopic data matched those reported in the literature.
93
 
Data for (1q): 
 bp: 110 °C (9 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
  6.86 (s, 1 H, HC(4)), 6.84 (s, 2 H, HC(2)), 6.01 (ddd, J = 17.0, 10.3, 6.5, 1 H, 
HC(7)), 5.05 (m, 2 H, HC(8)), 3.40 (ap, J = 7.0, 1 H, HC(5)), 2.31 (d, J = 0.5, 6 
H, HC(9)), 1.35 (d, J = 7.0, 3 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
145.6 C(1), 143.4 C(7), 137.9 C(3), 127.8 C(4), 125.0 C(2), 112.8 C(8), 43.1 
C(6), 21.3 C(9), 20.7 C(5). 
 TLC: Rf 0.39 (pentane) [silica gel, aqueous KMnO4] 
 GC: -tR: 5.29 min (>99:1 /) (GC Method 5). 
 CSP-GC: tR: 39.7, 40.8 min (CSP-GC Method 6). 
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Preparation of (1,1-Dimethylethyl)methyl((2-phenyl)phenylmethyl)phosphine Tetrafluoro-borate 
72 
PMe
Me
Me Me
BH3
PMe
Me
Me Me
HBF4HBF4•OEt
CH2Cl2, 0 °C
 
To an oven dried, 25-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added 72’136 (20 mg, 0.096 mmol, 
1.0 equiv). The flask was then sequentially evacuated and filled with argon three times. CH2Cl2 
(3 mL) was then added by syringe and then the solution was cooled to 0 
o
C. While at 0 
o
C, 
HBF4•OEt2 (176 L, 1.44 mmol, 15 equiv) was added dropwise by syringe. The reaction mixture 
was stirred 30 min at 0 
o
C then warmed rt by removal of the cooling bath. After 30 min, aq. 
fluoroboric acid (2 mL) was added and biphasic mixture was stirred an additional 30 min, and 
then diluted with CH2Cl2 (3 mL). The aqueous phase was separated in a 60-mL separatory funnel 
and was extracted with CH2Cl2 (2 × 3 mL). The three separate organic extracts were combined, 
dried over MgSO4 until flocculent, and filtered. Concentration of the filtrate (30 °C, 10 mm Hg) 
and trituration with ether (3 × 1 mL) afforded 22 mg (81%) of 72 as a white solid. 
Data for (72): 
 1H NMR: (500 MHz, CD3CN) 
  7.46 (m, 2 H), 7.40 (m, 3 H), 5.94 (d, J = 485.5, 1 H), 3.81 (dt, J = 3.4, 14.7, 1 H), 
3.55 (dt, J = 9.8, 15.3, 1 H), 1.65 (dd, J = 5.8, 14.2, 3 H), 1.37 (d, J = 18.0. 9 H). 
 31P NMR: (162 MHz, CD3CN) 
29.3. 
 19F NMR: (376 MHz, CD3CN) 
 −151.7. 
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Preparation of (1,1-Dimethylethyl)methyl((2,4,6-trimethylphenyl)methyl)phosphine Tetrafluoro-
borate 73 
PMe
Me
Me Me
H
BH3
1. n-BuLi (1.2 equiv)
Et2O, 78 °C
2. BH3•THF, 0 °C
3. HBF4•OEt (15 equiv)
CH2Cl2, 0 °C
Me
Me Me
Cl+
90
1.5 equiv
PMe
Me
Me Me
H
Me
Me
Me
BF4
89
 
To an oven dried, 25-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added 89
181
 (30 mg, 0.254 mmol, 1.0 
equiv). The flask was then sequentially evacuated and filled with argon three times. Ether (1 mL) 
was then added by syringe and then the solution was cooled to −78 oC. While at −78 oC, n-BuLi 
(136 L, 0.305 mmol, 1.2 equiv) was added dropwise by syringe. The reaction mixture was 
stirred 15 min at −78 oC then 90 (64 mg, 0.381 mmol, 1.5 equiv) dissolved in ether (0.5 mL) was 
then added dropwise by syringe. The mixture was again stirred 15 min at −78 oC then warmed rt 
by removal of the cooling bath. After 1 h, the mixture was cooled to 0 °C and BH3•THF (305 L, 
0.305 mmol, 1.2 equiv) was added dropwise by syringe. The mixture was then warmed to rt, 
stirred for 1 h, and then diluted with EtOAc (10 mL) and poured onto 1 M HCl (5 mL) at 0 °C. 
The aqueous phase was separated in a 60-mL separatory funnel and was extracted with EtOAc (2 
× 10 mL). The three separate organic extracts were then sequentially washed with brine (15 mL), 
then were combined, dried over Na2SO4 until flocculent, and filtered. Concentration of the 
filtrate (30 °C, 10 mm Hg) and purification by silica gel chromatography (20 cm x 20 mm, 
pentane/ether, 1:0→4:1, Rf 0.36 (hexane/EtOAc, 9:1) [silica gel, aqueous KMnO4]) afforded 62 
mg (98%) of 73’ as a white solid. 
To an oven dried, 25-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added 73’181 (20 mg, 0.080 mmol, 
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1.0 equiv). The flask was then sequentially evacuated and filled with argon three times. CH2Cl2 
(3 mL) was then added by syringe and then the solution was cooled to 0 
o
C. While at 0 
o
C, 
HBF4•OEt2 (146 L, 1.20 mmol, 15 equiv) was added dropwise by syringe. The reaction mixture 
was stirred 30 min at 0 
o
C then warmed rt by removal of the cooling bath. After 30 min, aq. 
fluoroboric acid (2 mL) was added and biphasic mixture was stirred an additional 30 min, and 
then diluted with CH2Cl2 (3 mL). The aqueous phase was separated in a 60-mL separatory funnel 
and was extracted with CH2Cl2 (2 × 3 mL). The three separate organic extracts were combined, 
dried over MgSO4 until flocculent, and filtered. Concentration of the filtrate (30 °C, 10 mm Hg) 
and trituration with ether (3 × 1 mL) afforded 17 mg (85%) of 73 as a white solid. 
Data for (73): 
 1H NMR: (500 MHz, CD3CN) 
  7.00 (s, 2 H), 6.54 (dm, J = 477, 1 H), 5.35 (m, 1 H), 3.73 (m, 1 H), 3.55 (m, 1 H), 
2.32 (bs, 6 H), 1.95 (s, 3 H), 1.57 (dd, J = 5.9, 14.1, 3 H), 1.44 (d, J = 18.1, 9 H) 
 31P NMR: (162 MHz, CD3CN) 
23.4. 
 19F NMR: (376 MHz, CD3CN) 
  −151.7. 
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Preparation of (1,1-Dimethylethyl)methyl((2,4,6-trimethylphenyl)methyl)phosphine Tetrafluoro-
borate 74 
89
PMe
Me
Me Me
H
BH3
1. n-BuLi (1.2 equiv)
Et2O, 78 °C
2. BH3•THF, 0 °C
3. HBF4•OEt (15 equiv)
CH2Cl2, 0 °C
+
Br
91
1.5 equiv
t -Bu
t-Bu
PMe
Me
Me Me
HBF4
t -Bu
t-Bu
 
To an oven dried, 25-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added 89
181
 (30 mg, 0.254 mmol, 1.0 
equiv). The flask was then sequentially evacuated and filled with argon three times. Ether (1 mL) 
was then added by syringe and then the solution was cooled to −78 oC. While at −78 oC, n-BuLi 
(136 L, 0.305 mmol, 1.2 equiv) was added dropwise by syringe. The reaction mixture was 
stirred 15 min at −78 oC then 91 (108 mg, 0.381 mmol, 1.5 equiv) dissolved in ether (0.5 mL) 
was then added dropwise by syringe. The mixture was again stirred 15 min at −78 oC then 
warmed rt by removal of the cooling bath. After 1 h, the mixture was cooled to 0 °C and 
BH3•THF (305 L, 0.305 mmol, 1.2 equiv) was added dropwise by syringe. The mixture was 
then warmed to rt, stirred for 1 h, and then diluted with EtOAc (10 mL) and poured onto 1 M 
HCl (5 mL) at 0 °C. The aqueous phase was separated in a 60-mL separatory funnel and was 
extracted with EtOAc (2 × 10 mL). The three separate organic extracts were then sequentially 
washed with brine (15 mL), then were combined, dried over Na2SO4 until flocculent, and 
filtered. Concentration of the filtrate (30 °C, 10 mm Hg) and purification by silica gel 
chromatography (20 cm x 20 mm, pentane→pentane/ether, 4:1, Rf 0.44 (hexane/EtOAc, 9:1) 
[silica gel, aqueous KMnO4]) afforded 81 mg (100%) of 74’ as a white solid. 
To an oven dried, 25-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added 74’ (20 mg, 0.062 mmol, 1.0 
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equiv). The flask was then sequentially evacuated and filled with argon three times. CH2Cl2 (3 
mL) was then added by syringe and then the solution was cooled to 0 
o
C. While at 0 
o
C, 
HBF4•OEt2 (113 L, 0.93 mmol, 15 equiv) was added dropwise by syringe. The reaction mixture 
was stirred 30 min at 0 
o
C then warmed rt by removal of the cooling bath. After 30 min, aq. 
fluoroboric acid (2 mL) was added and biphasic mixture was stirred an additional 30 min, and 
then diluted with CH2Cl2 (3 mL). The aqueous phase was separated in a 60-mL separatory funnel 
and was extracted with CH2Cl2 (2 × 3 mL). The three separate organic extracts were combined, 
dried over MgSO4 until flocculent, and filtered. Concentration of the filtrate (30 °C, 10 mm Hg) 
and trituration with ether (3 × 1 mL) afforded 17 mg (71%) of 74 as a white solid. 
Data for (74): 
 1H NMR: (500 MHz, CD3CN) 
  7.47 (m, 1 H), 7.24 (m, 2 H), 5.94 (d, J = 482.4, 1 H), 3.77 (m, 1 H), 3.51 (m, 1 
H), 1.61 (dd, J = 5.8, 14.1, 3 H), 1.95 (d, J = 17.8, 9 H), 1.32 (s, 18 H). 
 31P NMR: (162 MHz, CD3CN) 
29.3. 
 19F NMR: (376 MHz, CD3CN) 
 −151.7. 
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Preparation of [1,1-Dimethylethyl)methyl((3,5-Di(trifluoromethyl)phenyl)methyl)phosphine]-
Trihydroboron 75’ 
PMe
Me
Me Me
BH3PMe
Me
Me Me
H
BH3 n-BuLi (1.2 equiv)
Et2O, 78° C
Br
+
92
1.5 equiv
F3C
CF3
CF3
CF3
89
 
To an oven dried, 25-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added 89
181
 (30 mg, 0.254 mmol, 1.0 
equiv). The flask was then sequentially evacuated and filled with argon three times. Ether (1 mL) 
was then added by syringe and then the solution was cooled to −78 oC. While at −78 oC, n-BuLi 
(136 L, 0.305 mmol, 1.2 equiv) was added dropwise by syringe. The reaction mixture was 
stirred 15 min at −78 oC then 92 (70 L, 0.381 mmol, 1.5 equiv) dissolved in ether (0.5 mL) was 
then added dropwise by syringe. The mixture was again stirred 15 min at −78 oC then warmed rt 
by removal of the cooling bath. After 1 h, the mixture was cooled to 0 °C and BH3•THF (305 L, 
0.305 mmol, 1.2 equiv) was added dropwise by syringe. The mixture was then warmed to rt, 
stirred for 1 h, and then diluted with EtOAc (10 mL) and poured onto 1 M HCl (5 mL) at 0 °C. 
The aqueous phase was separated in a 60-mL separatory funnel and was extracted with EtOAc (2 
× 10 mL). The three separate organic extracts were then sequentially washed with brine (15 mL), 
then were combined, dried over Na2SO4 until flocculent, and filtered. Concentration of the 
filtrate (30 °C, 10 mm Hg) and purification by silica gel chromatography (20 cm x 20 mm, 
pentane→pentane/ether, 4:1) afforded 20 mg (23%) of 75’ as a white solid. 
Data for (75’): 
 TLC: Rf 0.18 (hexane/EtOAc, 9:1) [silica gel, aqueous KMnO4] 
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 1H NMR: (500 MHz, CDCl3) 
  7.79 (s, 1 H), 7.71 (s, 2 H), 3.13 (m, 2 H), 1.25 (d, J = 13.8, 3 H), 1.08 (d, J = 9.4, 
9 H), 0.38 (dd, J = 89.1, 190.0, 3 ). 
 
Preparation of (1,1-Dimethylethyl)methyl((2,4,6-trimethylphenyl)methyl)phosphine Tetrafluoro-
borate 75 
PMe
Me
Me Me
BH3
CF3
CF3
PMe
Me
Me Me
HBF4HBF4•OEt
CH2Cl2, 0 °C
CF3
CF3
 
To an oven dried, 25-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added 75’ (20 mg, 0.058 mmol, 1.0 
equiv). The flask was then sequentially evacuated and filled with argon three times. CH2Cl2 (3 
mL) was then added by syringe and then the solution was cooled to 0 
o
C. While at 0 
o
C, 
HBF4•OEt2 (106 L, 0.87 mmol, 15 equiv) was added dropwise by syringe. The reaction mixture 
was stirred 30 min at 0 
o
C then warmed rt by removal of the cooling bath. After 30 min, aq. 
fluoroboric acid (2 mL) was added and biphasic mixture was stirred an additional 30 min, and 
then diluted with CH2Cl2 (3 mL). The aqueous phase was separated in a 60-mL separatory funnel 
and was extracted with CH2Cl2 (2 × 3 mL). The three separate organic extracts were combined, 
dried over MgSO4 until flocculent, and filtered. Concentration of the filtrate (30 °C, 10 mm Hg) 
and trituration with ether (3 × 1 mL) afforded 13 mg (54%) of 75 as a white solid. 
Data for (75): 
 1H NMR: (500 MHz, CD3CN) 
  8.06 (s, 1 H), 8.02 (s, 2 H), 6.08 (d, J = 487.9, 1 H), 3.97 (dt, J = 3.2, 14.9, 1 H), 
3.70 (m, 1 H), 1.69 (dd, J = 5.8, 14.3, 3 H), 1.41 (d, J = 18.4, 9 H). 
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 31P NMR: (162 MHz, CD3CN) 
28.5. 
 19F NMR: (376 MHz, CD3CN) 
 −63.6, −151.6. 
 
Preparation of (1,1-Dimethylethyl)methyl((2-phenyl)phenylmethyl)phosphine Tetrafluoroborate 
76 
PMe
Me
Me Me
H
BH3
1. n-BuLi (1.2 equiv)
Et2O, 78 °C
2. BH3•THF, 0 °C
3. HBF4•OEt (15 equiv)
CH2Cl2, 0 °C
+ PMe
Me
Me Me
HBF4
Ph
Br
93
1.5 equiv
Ph
89
 
To an oven dried, 25-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added 89
181
 (30 mg, 0.254 mmol, 1.0 
equiv). The flask was then sequentially evacuated and filled with argon three times. Ether (1 mL) 
was then added by syringe and then the solution was cooled to −78 oC. While at −78 oC, n-BuLi 
(136 L, 0.305 mmol, 1.2 equiv) was added dropwise by syringe. The reaction mixture was 
stirred 15 min at −78 oC then 93 (70 L, 0.381 mmol, 1.5 equiv) dissolved in ether (0.5 mL) was 
then added dropwise by syringe. The mixture was again stirred 15 min at −78 oC then warmed rt 
by removal of the cooling bath. After 1 h, the mixture was cooled to 0 °C and BH3•THF (305 L, 
0.305 mmol, 1.2 equiv) was added dropwise by syringe. The mixture was then warmed to rt, 
stirred for 1 h, and then diluted with EtOAc (10 mL) and poured onto 1 M HCl (5 mL) at 0 °C. 
The aqueous phase was separated in a 60-mL separatory funnel and was extracted with EtOAc (2 
× 10 mL). The three separate organic extracts were then sequentially washed with brine (15 mL), 
then were combined, dried over Na2SO4 until flocculent, and filtered. Concentration of the 
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filtrate (30 °C, 10 mm Hg) and purification by silica gel chromatography (20 cm x 20 mm, 
pentane→pentane/ether, 4:1, Rf 0.39 (hexane/EtOAc, 9:1) [silica gel, aqueous KMnO4]) afforded 
64 mg (90%) of 76’ as a white solid. 
To an oven dried, 25-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added 76’ (16 mg, 0.056 mmol, 1.0 
equiv). The flask was then sequentially evacuated and filled with argon three times. CH2Cl2 (3 
mL) was then added by syringe and then the solution was cooled to 0 
o
C. While at 0 
o
C, 
HBF4•OEt2 (102 L, 0.84 mmol, 15 equiv) was added dropwise by syringe. The reaction mixture 
was stirred 30 min at 0 
o
C then warmed rt by removal of the cooling bath. After 30 min, aq. 
fluoroboric acid (2 mL) was added and biphasic mixture was stirred an additional 30 min, and 
then diluted with CH2Cl2 (3 mL). The aqueous phase was separated in a 60-mL separatory funnel 
and was extracted with CH2Cl2 (2 × 3 mL). The three separate organic extracts were combined, 
dried over MgSO4 until flocculent, and filtered. Concentration of the filtrate (30 °C, 10 mm Hg) 
and trituration with ether (3 × 1 mL) afforded 17 mg (85%) of 76 as a white solid. 
Data for (76): 
 1H NMR: (500 MHz, CD3CN) 
  7.54 (m, 3 H), 7.48 (m, 3 H), 7.40 (m, 3 H), 5.35 (d, J = 480.3, 1 H), 3.89 (m, 1 
H), 3.55 (dt, J = 9.9, 15.5, 1 H), 1.51 (dd, J = 5.8, 14.2, 3 H), 1.07 (d, J = 18.1, 9 
H). 
 31P NMR: (162 MHz, CD3CN) 
28.3. 
 19F NMR: (376 MHz, CD3CN) 
 −151.7.  
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Preparation of 3-(1,1-Dimethylethyl)-2,3-Dihydro-4-(1-Naphthyl)-1,3-Benzooxaphosphole 78 
OTf
P
O
t-Bu
O
P
O
t-Bu
1. Pd2(dba)3 (3 mol %)
SPhos (20 mol %)
KF (4 equiv)
1,4-dioxane, 100 °C
2. HSiCl3 (10 equiv)
Et3N, 80 °C
B(OH)2+
2 equiv  
To an oven dried, 5-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, equipped with a reflux condenser and an argon inlet capped with a septum was added the 
aryl triflate 88
138
 (72 mg, 0.20 mmol, 1.0 equiv, 83:17 er), 1-naphthylboronic acid (69 mg, 0.40 
mmol, 2.0 equiv), (Pd2(dba)3 (5.5 mg, 0.006 mmol, 0.003 equiv), and SPhos (16.4 mg, 0.04 
mmol, 0.20 equiv). The flask was then sequentially evacuated and filled with argon three times. 
Dioxane (1.0 mL) was then added by syringe. The reaction mixture was heated under argon to 
100 °C in a preheated oil bath. After 18 h, the mixture was cooled to rt, concentrated to remove 
most of the dioxane. To the residue was added CH2Cl2 (10 mL) and water (10 mL) and the 
mixture was filtered through Celite (2 cm × 2 cm) in a glass-fritted filter (C, 2 cm × 5 cm) and 
the filter cake washed with CH2Cl2 (2 × 10 mL). The aqueous phase was separated in a 150-mL 
separatory funnel and was extracted with CH2Cl2 (2 × 15 mL). The three separate organic 
extracts were then sequentially washed with H2O (2 × 15 mL) and brine (15 mL), then were 
combined, dried over MgSO4 until flocculent, and filtered. Purification by silica gel 
chromatography (20 cm × 20 mm, hexane/EtOAc, 9:1→0:1, Rf 0.19 (EtOAc) [silica gel, UV]) 
afforded 49 mg (86%) of 78’ as a white solid. 
To an oven dried, 50-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added the phosphine oxide 78’ (20 
mg, 0.059 mmol, 1.0 equiv). The flask was then sequentially evacuated and filled with argon 
three times. Toluene (3 mL) was then added by syringe followed by trichlorosilane (59 L, 0.59 
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mmol, 10 equiv), and triethylamine (164 L, 1.18 mmol, 20 equiv). The reaction mixture was 
heated under argon to 80 °C in a preheated oil bath. After 18 h, the mixture was cooled to 0 °C 
and degassed 30% NaOH solution (1.5 mL) was added dropwise. The resulting mixture was 
heated under argon to 60 °C in a preheated oil bath for 1 h and cooled to rt. The organic phase of 
the clear, biphasic solution was separated under argon in a 10-mL gas tight syringe. The aqueous 
phase was further extracted with toluene (2 × 3 mL) in this manner. The organic phases were 
combined and dried under argon with Na2SO4, and then filtered under argon through neutral 
alumina (2 cm × 1.5 cm) in a glass-fritted filter (C, 2 cm × 5 cm) and the filter cake washed with 
toluene (3 mL). The clear solution was then concentrated under argon to afford 13 mg (70%) of 
78 as a white solid. 
Data for (78): 
 1H NMR: (500 MHz, C6D6) 
  8.12 (dd, J = 4.3, 5.3, 1 H), 7.91 (d, J = 7.0, 1 H), 7.66 (d, J = 9.4, 1 H), 7.61 (d, J 
= 9.4, 1 H), 7.34 (t, J = 7.7, 1 H), 7.26 (m, 2 H), 7.16 (m, 1 H), 7.07 (q, J = 7.9, 1 
H), 4.57 (ddd, J= 1.6, 12.7, 23.4, 1 H), 4.35 (ddd, J = 12.7, 17.1, 26.5, 1 H), 0.50 
(d, J = 12.0, 9 H). 
 31P NMR: (202 MHz, C6D6) 
−9.9, −11.9 (1:2.1) 
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Preparation of 3-(1,1-Dimethylethyl)-2,3-Dihydro-1,3-Benzooxaphosphole 81 
P
O
t-Bu
O P
O
t-Bu
HSiCl3 (10 equiv)
Et3N, rt  
To an oven dried, 50-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added the phosphine oxide 81’141 (34 
mg, 0.16 mmol, 1.0 equiv, 83:17 er). The flask was then sequentially evacuated and filled with 
argon three times. Toluene (8 mL) was then added by syringe followed by trichlorosilane (323 
L, 3.20 mmol, 20 equiv), and triethylamine (446 L, 3.20 mmol, 20 equiv). The reaction 
mixture was stirred 2 h at rt then cooled to 0 °C and degassed 30% NaOH solution (1.5 mL) was 
added dropwise. The resulting mixture was heated under argon to 60 °C in a preheated oil bath 
for 30 min and cooled to rt. The organic phase of the clear, biphasic solution was separated under 
argon in a 10-mL gas tight syringe. The aqueous phase was further extracted with toluene (2 × 3 
mL) in this manner. The organic phases were combined and dried under argon with Na2SO4, and 
then filtered under argon through neutral alumina (2 cm × 1.5 cm) in a glass-fritted filter (C, 2 
cm × 5 cm) and the filter cake washed with toluene (3 mL). The clear solution was then 
concentrated under argon to afford 22 mg (70%) of 81 as a clear, colorless oil. 
Data for (81): 
 1H NMR: (500 MHz, C6D6) 
  7.32 (ddd, J = 1.3, 3.8, 7.3, 1 H), 6.98 (m, 1 H), 6.88 (d, J = 7.8, 1 H), 6.69 (ddt, J 
= 1.0, 2.4, 7.3, 1 H), 4.45 (dd, J = 2.4, 12.7, 1 H), 4.15 (dd, J = 12.7, 26.4, 1 H), 
0.73 (d, J = 12.2, 1 H). 
 31C NMR: (126 MHz, C6D6) 
  131.6, 131.4, 131.3, 120.9, 111.3, 69.7, 69.4, 26.2, 26.1. 
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 31P NMR: (202 MHz, C6D6) 
−9.3. 
 
Preparation of [(1R,2S,5R)-5-Methyl-2-(1-Methylethyl)cyclohexyl]diphenylphosphine-
Trihydroboron (96) 
MgCl
MeMe
Me
+ Ph2PCl
1. THF, rt
2. BH3•THF, 0 °C
P
MeMe
Me
BH3
Ph
Ph
94 95 96  
To an oven dried, 10-mL, single-neck, round bottomed flask, containing a magnetic stir 
bar, equipped with a reflux condenser and argon inlet capped with a septum was added 94 (2.0 
mL, 2.0 mmol, 2.0 equiv). The flask was cooled to 0 °C and then Ph2PCl (184 l, 1.0 mmol, 1.0 
equiv) was added dropwise via syringe. The mixture was then stirred at rt for 3 h and then heated 
to 65 
o
C in a preheated oil bath. After 12 h, the mixture was cooled to 0 °C and BH3•THF (2.2 
mL, 2.2 mmol, 2.2 equiv) was added dropwise by syringe. The mixture was then warmed to rt, 
stirred for 1 h, diluted with ether (10 mL), and then poured onto 1 M HCl (10 mL) at 0 °C. The 
aqueous phase was separated in a 60-mL separatory funnel and was extracted with ether (2 × 10 
mL). The three separate organic extracts were then sequentially washed with brine (15 mL), then 
were combined, dried over Na2SO4 until flocculent, and filtered. Concentration of the filtrate (30 
°C, 10 mm Hg) and purification by recrystallization (EtOAc) afforded 146 mg (43%) of 96 as 
white, needle, crystals. 
Data for (96): 
 TLC: Rf 0.59 (pentane/ether, 4:1) [silica gel, aqueous KMnO4] 
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 1H NMR: 7.94 (ddd, J = 3.1, 6.6, 9.8, 2 H), 7.73 (ddd, J = 1.9, 7.6, 9.7, 2 H), 7.41 (m, 6 H), 
2.57 (dt, J = 3.1, 13.6, 1 H), 1.71 (m, 4 H), 1.31 (m, 3 H), 1.06 (m, 3 H), 0.91 (m, 
2 H), 0.77 (d, J = 4.1, 3 H), 0.76 (d, J = 3.6, 3 H), 0.37 (d, J = 6.7, 3 H). 
 31P NMR: (162 MHz, CDCl3) 
20.4 (d, J = 72.2). 
 
Preparation of [(1R,2S,5R)-5-Methyl-2-(1-Methylethyl)cyclohexyl]diphenylphosphine 
Tetrafluoroborate MDPP 
P
MeMe
Me
BH3
Ph
Ph
BF4HBF4•OEt
CH2Cl2, 0 °C
P
MeMe
Me
H
Ph
Ph
96 MDPP  
To an oven dried, 25-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added 96 (66 mg, 0.195 mmol, 1.0 
equiv). The flask was then sequentially evacuated and filled with argon three times. CH2Cl2 (5.4 
mL) was then added by syringe and then the solution was cooled to 0 
o
C. While at 0 
o
C, 
HBF4•OEt2 (357 L, 2.93 mmol, 15 equiv) was added dropwise by syringe. The reaction mixture 
was stirred 30 min at 0 
o
C then warmed to rt by removal of the cooling bath. After 30 min, aq. 
fluoroboric acid (2 mL) was added and the biphasic mixture was stirred an additional 30 min, 
and then diluted with CH2Cl2 (3 mL). The aqueous phase was separated in a 60-mL separatory 
funnel and was extracted with CH2Cl2 (2 × 3 mL). The three separate organic extracts were 
combined, dried over MgSO4 until flocculent, and filtered. Concentration of the filtrate (30 °C, 
10 mm Hg) and trituration with ether (3 × 1 mL) afforded 72 mg (90%) of MDPP as a white 
solid. 
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Data for (MDPP): 
 1H NMR: (500 MHz, CD2Cl2) 
  7.98 (d, J = 504, 1 H, HP), 7.90–7.79 (m, 6 H), 7.74–7.69 (m, 4 H), 3.09 (td, J = 
12.9, 2.3, 1 H), 1.95–1.77 (m, 2 H), 1.60–1.48 (m, 2 H), 1.31–1.21 (m, 1 H), 1.14 
(ddd, J =24.5, 12.6, 6.9, 1 H), 0.89 (d, J = 6.5, 3 H), 0.86 (d, J = 6.7, 3 H), 0.81 
(d, J = 6.7, 3 H). 
 31P NMR: (162 MHz, CD2Cl2) 
10.9. 
 19F NMR: (376 MHz, CD2Cl2) 
 −151.9. 
 
Preparation of [(1R,2S,5R)-5-Methyl-2-(1-Methylethyl)cyclohexyl]dicyclohexylphosphine-
Trihydroboron (98) 
MgCl
MeMe
Me
+ Cy2PCl
1. THF, rt
2. BH3•THF, 0 °C
P
MeMe
Me
BH3
Cy
Cy
94 97 98  
To an oven dried, 10-mL, single-neck, round bottomed flask, containing a magnetic stir 
bar, equipped with a reflux condenser and argon inlet capped with a septum was added 94
180
 (1.0 
mL, 2.0 mmol, 2.0 equiv). The flask was cooled to 0 °C and then Cy2PCl (221 l, 1.0 mmol, 1.0 
equiv) was added dropwise via syringe. The mixture was then stirred at rt for 3 h and then heated 
to 65 
o
C in a preheated oil bath. After 12 h, the mixture was cooled to 0 °C and BH3•THF (2.2 
mL, 2.2 mmol, 2.2 equiv) was added dropwise by syringe. The mixture was then warmed to rt, 
stirred for 1 h, diluted with ether (10 mL), and then poured onto 1 M HCl (10 mL) at 0 °C. The 
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aqueous phase was separated in a 60-mL separatory funnel and then was extracted with ether (2 
× 10 mL). The three separate organic extracts were then sequentially washed with brine (15 mL), 
then were combined, dried over Na2SO4 until flocculent, and filtered. Purification by silica gel 
chromatography (20 cm × 20 mm, pentane/ether, 20:1) afforded 232 mg (66%) of 98 as a white 
solid. 
Data for (98): 
 TLC: Rf 0.45 (pentane/ether, 20:1) [silica gel, aqueous KMnO4] 
 1H NMR: (500 MHz, CDCl3) 
  2.43 (td, J = 6.6, 12.8, 1 H), 1.84 (m, 15 H), 1.47 (m, 6 H), 1.24 (m, 8 H), ppm 
1.04 (m, 3 H), 0.92 (d, J = 1.7, 3 H), 0.90 (d, J = 1.1, 3 H), 0.48 (dd, J = 73.1, 
121.3, 3 H). 
 31P NMR: (162 MHz, CDCl3) 
26.2 (d, J = 72.9). 
 
Preparation of [(1R,2S,5R)-5-Methyl-2-(1-Methylethyl)cyclohexyl]dicyclohexylphosphine 
Tetrafluoroborate (MDCP) 
P
MeMe
Me
BH3
Cy
Cy
BF4HBF4•OEt
CH2Cl2, 0 °C
P
MeMe
Me
H
Cy
Cy
98 MDCP  
To an oven dried, 25-mL, single-neck, round-bottomed flask, containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added 98
180
 (144 mg, 0.041 mmol, 
1.0 equiv). The flask was then sequentially evacuated and filled with argon three times. CH2Cl2 
(3 mL) was then added by syringe and the resulting solution was cooled to 0 
o
C. While at 0 
o
C, 
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HBF4•OEt2 (750 L, 6.15 mmol, 15 equiv) was added dropwise by syringe. The reaction mixture 
was stirred 30 min at 0 
o
C then warmed to rt by removal of the cooling bath. After 30 min, aq. 
fluoroboric acid (5 mL) was added and the biphasic mixture was stirred an additional 30 min, 
and then diluted with CH2Cl2 (3 mL). The aqueous phase was separated in a 60-mL separatory 
funnel and was extracted with CH2Cl2 (2 × 3 mL). The three separate organic extracts were 
combined, dried over MgSO4 until flocculent, and filtered. Concentration of the filtrate (30 °C, 
10 mm Hg) and trituration with ether (3 × 1 mL) afforded 150 mg (86%) of MDCP as a white 
solid. 
Data for (MDCP): 
 1H NMR: (500 MHz, CD2Cl2) 
  5.85 (ddd, J = 461.2, 7.0, 4.6, 1 H, HP), 2.55–2.38 (m, 3 H), 2.09–2.00 (m, 3 H), 
1.98–1.90 (m, 6 H), 1.89–1.84 (m, 3 H), 1.83–1.77 (m, 2 H), 1.69–1.56 (m, 4 H), 
1.52–1.10 (m, 10 H), 1.02 (d, J = 6.8, 3 H), 0.99 (d, J = 6.5, 3 H), 0.84 (d, J = 6.8, 
3 H). 
 31P NMR: (162 MHz, CD2Cl2) 
18.0. 
 19F NMR: (376 MHz, CD2Cl2) 
 −152.4. 
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7.7. Detailed Experimental Procedures for Chapter 6 
General Procedure I: Preparation of Trialkylphosphonium Tetrafluoroborate Salts 
R1
P
BH3
R2 R3
HBF4•OEt2
CH2Cl2, 0 °C
R1
P
H
R2 R3
BF4
 
To a flame dried, 100-mL, single-neck, round-bottomed flask containing a magnetic stir 
bar, and equipped an argon inlet capped with a septum was added the phosphine-borane adduct 
(1.0 equiv). The flask was then sequentially evacuated and filled with argon three times. CH2Cl2 
was then added by syringe and the resulting solution was cooled to 0 
o
C. While at 0 °C, 
HBF4•OEt2 (15 equiv) was added dropwise by syringe. The reaction mixture was stirred 30 min 
at 0 
o
C and then warmed to rt by removal of the cooling bath. After 30 min at rt, aq. 
tetrafluoroboric acid was added by pipette and the biphasic mixture was vigorously stirred an 
additional 30 min. The mixture was then diluted with CH2Cl2 and the aqueous phase was 
separated in a separatory funnel and was further extracted with CH2Cl2 (×2). The three separate 
organic extracts were combined, dried over MgSO4 until flocculent, filtered, and concentrated 
(30 °C, 10 mm Hg) to a thick syrup. The syrup was then pipetted dropwise into an Erlenmeyer 
flask containing stirred ether and the resulting solid was harvested by filtration. Purification by 
recrystallization of a saturated solution (CH2Cl2) layered with ether (ether/CH2Cl2, ~10:1) 
afforded the product. 
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Preparation of Dicyclohexyl(1,1-dimethylethyl)phosphine-Trihydroboron 82 
1
P
BH3
5
Cy
P
Cl Cy
1. t-BuLi
THF, 78 °C
2. BH3•THF, 0 °C
2
3
4
Me
Me6
Me  
A flame dried, 50-mL, three-neck, round bottomed flask, containing a magnetic stir bar, 
equipped with a Teflon coated thermocouple, argon inlet, and septum was added THF (4 mL) 
and Cy2PCl (1.1 mL, 5.0 mmol, 1.0 equiv). The flask was cooled to −78 °C and then t-BuLi (3.5 
ml, 1.2 mmol, 1.2 equiv) was added dropwise via syringe. The mixture was then allowed to 
warm to rt by removal of the cooling bath. After 2 h, the mixture was cooled to 0 °C and 
BH3•THF (6.0 mL, 6.0 mmol, 1.2 equiv) was added slowly by syringe. The mixture was then 
warmed to rt, stirred for 1 h, diluted with EtOAc (25 mL), and then poured onto 1 M HCl (50 
mL) at 0 °C. The aqueous phase was separated in a 150-mL separatory funnel and then was 
extracted with EtOAc (2 × 25 mL). The three separate organic extracts were then sequentially 
washed with brine (50 mL), then were combined, dried over Na2SO4 until flocculent, and 
filtered. Concentration of the filtrate (30 °C, 10 mm Hg) and purification by recrystallization 
(EtOAc) afforded 1.05 g (78%) of 82 as a white, crystalline solid. 
Data for (82): 
mp: 122–123 °C 
 1H NMR: (500 MHz, CDCl3) 
  2.02–1.95 (m, 6 H), 1.91 (tt, J = 11.5, 2.9, 2 H, HC(1)), 1.85–1.80 (m, 6 H), 1.72–
1.69 (m, 3 H), 1.57–1.44 (m, 5 H), 1.25 (d, J = 12.2, 9 H HC(6)), 0.31 (dd, J = 
189.5, 85.5, 3 H, HB). 
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 13C NMR: (126 MHz, CDCl3) 
  32.5 (d, J = 27.9, C(1)), 30.8 (d, J = 27.5, C(5)), 28.7 (d, J = 1.5, C(2)), 28.5 (d, J 
= 0.7, C(6)), 28.2 (d, J = 1.5, C(2)), 27.5 (d, J = 4.2, C(3)), 27.4 (d, J = 4.2, C(3)), 
26.0 (d, J = 1.1, C(4)). 
 31P NMR: (162 MHz, CDCl3) 
  38.8 (dd, J = 124, 49.7). 
 
IR: (film) 
2935 (s), 2855 (s), 2375 (m), 1477 (w), 1448 (m), 1398 (w), 1368 (w), 1273 (w), 
1257 (w), 1189 (w), 1145 (w), 1071 (m), 1005 (w), 917 (w), 888 (w), 852 (w), 
823 (w), 762 (s), 749 (s), 738 (s), 732 (s), 720 (s), 715 (m), 706 (s), 699 (m). 
 MS: (EI, 70 eV) 
265 ([M−3H]+, 18), 254 ([M−BH3]
+
, 100), 198 (26), 197 (18), 172 (75), 117 (32), 
83 (20), 57 (37). 
 HRMS: C16H34BP ([M−H]
+
, ESI) 
  Calcd.:  267.2413  
Found:  267.2414 
 TLC: Rf 0.54 (9:1 pentane/ether) [silica gel, aqueous KMnO4] 
 Analysis: C16H34BP (268.23) 
  Calcd.:  C, 71.65 H, 12.78  
 Found:  C, 71.83 H, 12.80 
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Preparation of Dicyclohexyl(1,1-dimethylethyl)phosphine Tetrafluoroborate 83 
P
BH3 HBF4•OEt2
CH2Cl2, 0 °C
BF4
Me
Me
Me
1
P
H
5
2
3
4
Me
Me
Me
6  
Following General Procedure I, 82 (500 mg, 1.86 mmol, 1.0 equiv), HBF4•OEt2 (3.4 mL, 
28 mmol, 15 equiv), and CH2Cl2 (37 mL) were combined at 0 °C. After 30 min, the reaction 
mixture was warmed to rt and aq. tetrafluoroboric acid (24 mL) was added. The aqueous phase 
was separated and the organic extract was dried over MgSO4 until flocculent, filtered, and 
concentrated (30 °C, 10 mm Hg) to a thick syrup. The syrup was then pipetted dropwise into 
stirred ether and the resulting solid was harvested by filtration. Purification by recrystallization 
of a saturated solution (CH2Cl2) layered with ether (ether/CH2Cl2, ~10:1) afforded 573 mg (90%) 
of 83 as a white, crystalline solid. 
Data for (83): 
mp: 233–234 °C 
 1H NMR: (500 MHz, CD2Cl2) 
  5.56 (d, J = 464.6, 1 H, HP), 2.55 (bq, J = 12.5, 2 H, HC(1)), 2.14–2.05 (m, 4 H), 
1.96–1.88 (m, 4 H), 1.83–1.76 (m, 2 H), 1.75–1.63 (m, 4 H), 1.48 (d, J = 16.4, 9 
H), 1.45–1.37 (m, 4 H), 1.36–1.25 (m, 2 H). 
 13C NMR: (126 MHz, CD2Cl2) 
  32.4 (d, J = 36.1, C(1)), 31.0 (d, J = 35.7, C(5)), 29.9 (d, J = 3.8, C(2)), 28.9 (d, J 
= 3.8, C(2)), 27.4 (C(6)), 27.01 (d, J = 12.4, C(3)), 26.9 (d, J = 12.4, C(3)), 25.4 
(d, J = 1.1, C(4)). 
 31P NMR: (162 MHz, CD2Cl2) 
  40.7. 
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IR: (film) 
3068 (w), 2943 (s), 2861 (m), 1467 (w), 1450 (m), 1406 (w), 1376 (w), 1298 (w), 
1274 (w), 1266 (w), 1181 (w), 1060 (s), 932 (w), 876 (w), 820 (w). 
 MS: (EI, 70 eV) 
254 ([M−H]+, 52), 197 (48), 172 (95), 143 (22), 117 (100), 91 (17), 83 (78), 81 
(36), 67 (11), 61 (10), 57 (85), 55 (63). 
 HRMS: C16H32P (M
+
, ESI) 
  Calcd.:  255.2242 
Found:  255.2240 
 Analysis: C16H32BF4P (342.20) 
  Calcd.:  C, 56.16 H, 9.43 F, 22.21 
 Found:  C, 55.84 H, 9.71 F, 22.18 
 
Preparation of Tricyclohexylphosphine Tetrafluoroborate 86 
P
BH3 HBF4•OEt2
CH2Cl2, 0 °C
BF4
P
H
 
Following General Procedure I, 84 (294 mg, 1.0 mmol, 1.0 equiv), HBF4•OEt2 (1.8 mL, 
15 mmol, 15 equiv), and CH2Cl2 (20 mL) were combined at 0 °C. After 30 min, the reaction 
mixture was warmed to rt and aq. fluoroboric acid (13 mL) was added. The aqueous phase was 
separated and the organic extract was dried over MgSO4 until flocculent, filtered, and 
concentrated (30 °C, 10 mm Hg) to a thick syrup. The syrup was then pipetted dropwise into 
stirred ether and the resulting solid was harvested by filtration. Purification by recrystallization 
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of a saturated solution (CH2Cl2) layered with ether (ether/CH2Cl2, ~10:1) afforded 312 mg (85%) 
of 86 as a white, crystalline solid. Spectroscopic data matched those reported in the literature.
208
 
Data for (86): 
 1H NMR: (500 MHz, CD2Cl2) 
  5.61 (dq, J = 466.3, 4.0, 1 H, HP), 2.52–2.42 (m, 3 H, HC(1)), 2.05–1.98 (m, 6 
H), 1.96–1.90 (m, 6 H), 1.83–1.78 (m, 3 H), 1.65–1.54 (m, 6 H), 1.47–1.39 (m, 6 
H), 1.38–1.27 (m, 3 H). 
 13C NMR: (126 MHz, CD2Cl2) 
  28.5 (d, J = 39.3 C(1)), 28.3 (d, J = 3.6, C(2)), 26.6 (d, J = 12.8, C(3)), 25.4 (d, J 
= 1.1, C(4)). 
 31P NMR: (162 MHz, CD2Cl2) 
 30.2 
 
Preparation of Tri(1,1-dimethylethyl)phosphine Tetrafluoroborate 87 
t-Bu
P
BH3
t-Bu t-Bu
HBF4•OEt2
CH2Cl2, 0 °C
BF4
P
H
1
Me
Me
Me 2
Me
Me
Me
Me
MeMe  
Following General Procedure I, 85 (216 mg, 1.0 mmol, 1.0 equiv), HBF4•OEt2 (1.8 mL, 
15 mmol, 15 equiv), and CH2Cl2 (20 mL) were combined at 0 °C. After 30 min, the reaction 
mixture was warmed to rt and aq. tetrafluoroboric acid (13 mL) was added. The aqueous phase 
was separated and the organic extract was dried over MgSO4 until flocculent, filtered, and 
concentrated (30 °C, 10 mm Hg) to a thick syrup. The syrup was then pipetted dropwise into 
stirred ether and the resulting solid was harvested by filtration. Purification by recrystallization 
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of a saturated solution (CH2Cl2) layered with ether (ether/CH2Cl2, ~10:1) afforded 262 mg (90%) 
of 87 as a white, crystalline solid. Spectroscopic data matched those reported in the literature.
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Data for (87): 
 1H NMR: (500 MHz, CD2Cl2) 
  5.78 (d, J = 456.1, 1 H, HP), 1.64 (d, J = 15.4, 9 H, HC(2)). 
 13C NMR: (126 MHz, CD2Cl2) 
  37.5 (d, J = 28.4, C(1)), 30.29 (C(2)). 
 31P NMR: (162 MHz, CD2Cl2) 
 54.3. 
 
General Procedure II: Preparative Cross-Coupling Protocol 
Me
Si
O–Na+ +
Br
Pd(dba)2 (2.5 mol %)
t-BuCy2PH
BF4
 (3 mol %)
toluene [1.0], 70 °C, 24 h
Me
R R
MeMe
 
To a flame dried, 2-mL, Schlenk tube, containing a magnetic stir bar, equipped with a 
sidearm argon inlet and capped with a septum was added Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 
equiv) and t-BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv). The flask was then sequentially 
evacuated and filled with argon three times. The aromatic bromide (1 equiv) was then added by 
syringe. Sodium (Z)-2-butenyldiethylsilanolate (270 mg, 1.5 mmol, 1.5 equiv), pre-weighed into 
a 10-mL, two-necked, round-bottomed flask in a dry-box, was then dissolved in toluene (1.0 mL) 
and added by syringe. The septum was replaced with a Teflon plug valve under an active flow of 
argon and the tube sealed. The mixture was then stirred at rt for 5 min and then heated to 70 °C 
in a preheated oil bath. After 24 h, the mixture was cooled to rt, filtered through silica gel (2 cm 
× 2 cm) in a glass-fritted filter (C, 2 cm × 5 cm) and the filter cake washed with ether (3 × 30 
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mL). The filtrate was concentrated (30 °C, 100 mm Hg) and then vigorously stirred with sat. aq. 
KF (10 mL) for 1 h at rt. To this mixture was added ether (15 mL). The aqueous phase was 
separated in a 60-mL separatory funnel and was extracted with ether (2 × 15 mL). The three 
separate organic extracts were then sequentially washed with H2O (2 × 15 mL) and brine (15 
mL), then were combined, dried over MgSO4 until flocculent, and filtered. Concentration of the 
filtrate (30 °C, 100 mm Hg) and purification by silica gel chromatography followed by 
Kugelrohr distillation afforded the product. 
 
General Procedure III: Small Scale Cross-Coupling Protocol 
R2
Si
R R
O–Na+ +
Br catalyst
ligand
toluene, temp.
Me
R1
Me
Me
Me
Me  
In a dry box, the ligand was weighed into an oven dried, Dram vial containing a magnetic 
stir bar. The palladium catalyst was then weighed and added to the vial. A solution of the internal 
standard, aromatic bromide, and silanolate in the reaction solvent was then added to the vial via 
syringe. The vial was then capped with a Teflon lined screw cap and the seal wrapped with 
electrical tape. The vial was then removed from the dry box and heated in a preheated oil bath. 
After the allotted reaction time, an analytical aliquot (25 L) was removed from the reaction 
mixture by syringe and quenched with 10% 2-(dimethylamino)ethanethiol hydrochloride 
solution (150 L), and then were extracted with EtOAc (1.0 mL). The organic extract was then 
filtered through a small plug of silica gel in a pipette (0.5 cm × 1.0 cm) and the filter cake was 
washed with EtOAc (0.5 mL). The sample was then analyzed by GC. 
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Preparation of 1-(1-Methyl-2-propen-1-yl)naphthalene (1a)  
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH
BF4
 (3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+
Br 5
4
3
2
1
10 12
13
Me
11
14
9
8
7
6
 
Following General Procedure II, Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 equiv), t-
BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv), 10a (207 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-55
−
 
(270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. After 
24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter 
cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel chromatography 
(30 mm × 20 cm, pentane), and Kugelrohr distillation afforded 162 mg (89%) of 1a as a clear, 
colorless oil. Spectroscopic data matched those reported in the literature.
93
  
Data for (1a): 
 bp: 110 °C (1 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
  8.15 (d, J = 8.4, 1 H, HC(9)), 7.87 (d, J = 7.9, 1 H, HC(6)), 7.74 (d, J = 8.1, 1 H, 
HC(4)), 7.55–7.43 (m, 4 H, HC(2), HC(3), HC(7), HC(8)), 6.18 (ddd, J = 17.7, 
10.0, 5.8 1 H, HC(13)), 5.15 (m, 2 H, HC(14)), 4.32 (ap, J = 6.9, 1 H, HC(12)), 
1.53 (d, J = 6.9, 3 H, HC(11)). 
 13C NMR: (126 MHz, CDCl3) 
142.9 C(1), 141.4 C(13), 134.0 C(5), 131.4 C(10), 128.9 C(6), 126.8 C(4), 125.7 
C(3), 125.6 C(2), 125.3 C(7), 123.6 C(8), 123.5 C(9), 113.6 C(14), 37.8 C(12), 
20.2 C(11). 
 TLC: Rf 0.34 (pentane) [silica gel, aqueous KMnO4] 
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GC: -tR: 6.67 min (>99:1 /) (GC Method 5) 
 
Preparation of 1-Methoxy-4-(1-methyl-2-propen-1-yl)benzene (1b) 
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH
BF4
 (3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+
Br
MeO 4
3
2
1
6
7
Me
5
8
MeO9
 
Following General Procedure II, Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 equiv), t-
BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv), 10b (187 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-55
−
 
(270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. After 
24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter 
cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel chromatography 
(30 mm × 20 cm, pentane→pentane/ether, 20:1), and Kugelrohr distillation afforded 138 mg 
(85%) of 1b as a clear, colorless oil. Spectroscopic data matched those reported in the 
literature.
93
  
Data for (1b): 
 bp: 110 °C (10 mmHg, ABT) 
 1H NMR:  (500 MHz, CDCl3) 
  7.16–7.12 (m, 2 H, HC(2)), 6.87–6.84 (m, 2 H, HC(3)), 5.99 (ddd, J = 17.0, 10.3, 
6.4, 1 H, HC(7)), 5.02 (m, 2 H, HC(8)), 3.80 (s, 3 H, HC(9)), 3.43 (ap, J = 7.0, 1 
H, HC(6)), 1.35 (d, , J = 7.0, 3 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
  157.9 C(4), 143.6 C(7), 137.7 C(1), 128.1 C(2), 113.8 C(3), 112.8 C(8), 55.2 
C(9), 42.3 C(6), 20.8 C(5). 
 TLC: Rf 0.51 (pentane/ether, 20:1) [silica gel, aqueous KMnO4] 
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GC: -tR: 5.55 min (>99:1 /) (GC Method 5) 
 
Preparation of 2-(1-Methyl-2-propen-1-yl)-1-methoxybenzene (1e) 
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH
BF4
 (3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+
4
5
6
1
2
3 8
9
Me
7
Br 10
OMe OMe 11
 
Following General Procedure II, Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 equiv), t-
BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv), 10e (187 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-55
−
 
(270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. After 
24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter 
cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel chromatography 
(30 mm × 20 cm, pentane→pentane/ether, 20:1), and Kugelrohr distillation afforded 138 mg 
(85%) of 1e as a clear, colorless oil. Spectroscopic data matched those reported in the 
literature.
209
  
Data for (1e): 
 bp: 100 °C (9.5 mmHg, ABT) 
 1H NMR:  (500 MHz, CDCl3) 
  7.12–7.15 (m, 2 H, HC(3) and HC(5)), 6.93 (td, J = 7.5, 1.1, 1 H, HC(4)), 6.87 
(dd, J = 8.1, 0.7, 1 H, HC(6)), 6.06 (ddd, J = 17.2, 10.4, 6.0, 1 H, HC(9)), 5.05 
(m, 2 H, HC(10)), 3.93 (ap, J = 7.0, 1 H, HC(8)), 3.84 (s, 3 H, HC(11)), 1.32 (d, J 
= 7.0, 3 H, HC(7)). 
 13C NMR: (126 MHz, CDCl3) 
  156.7 C(1), 142.8 C(9), 134.0 C(2), 127.4 C(3), 127.0 C(5), 120.6 C(4), 112.8 
C(10), 110.5 C(6), 55.4 C(8), 35.5 C(4), 19.3 C(7). 
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 TLC: Rf 0.61 (pentane/ether, 20:1) [silica gel, aqueous KMnO4] 
GC: -tR: 5.36 min (>99:1 /) (GC Method 5) 
 
Preparation of 1-(1,1-Dimethylethyl)4-(2-propen-1-yl)benzene (1h) 
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH
BF4
 (3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+
Br
Me
Me
Me
1
2
3
4
5
6
7
8
9t -Bu
Me10
 
Following General Procedure II, Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 equiv), t-
BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv), 10h (213 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-55
−
 
(270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. After 
24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter 
cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel chromatography 
(30 mm × 20 cm, pentane), and Kugelrohr distillation afforded 176 mg (94%) of 1h as a clear, 
colorless oil. Spectroscopic data matched those reported in the literature.
28  
Data for (1h): 
 bp: 150 °C (18 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
  7.36–7.32 (m, 2 H, HC(2)), 7.19–7.15 (m, 2 H, HC(3)), 6.02 (ddd, J = 17.0, 10.3, 
6.6, 1 H, HC(6)), 5.05 (m, 2 H, HC(7)), 3.46 (ap, J = 7.0, 1 H, HC(5)), 1.37 (d, J 
= 7.0, 3 H, HC(10)), 1.33 (s, 9 H, HC(9)). 
 13C NMR: (126 MHz, CDCl3) 
148.9 C(4), 143.5 C(7), 142.5 C(1), 126.8 C(3), 125.3 C(2), 112.9 C(7), 42.7 
C(5), 34.3 C(8), 31.4 C(9), 20.7 C(10). 
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 TLC: Rf 0.37 (pentane) [silica gel, aqueous KMnO4] 
GC: -tR: 5.84 min (>99:1 /) (GC Method 5) 
 
Preparation of 2-(1-Methyl-2-propen-1-yl)naphthalene (1j) 
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH

BF4

(3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+
1 2
3
4
57
8
9
Me
6
10
11
12
13
14
Br
 
Following General Procedure II, Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 equiv), t-
BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv), 10j (207 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-55
−
 
(270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. After 
24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter 
cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel chromatography 
(30 mm × 20 cm, pentane), and Kugelrohr distillation afforded 168 mg (92%) of 1j as a clear, 
colorless oil. Spectroscopic data matched those reported in the literature.
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Data for (1j): 
 bp: 110 °C (0.6 mmHg, ABT) 
 1H NMR:  (500 MHz, CDCl3) 
  7.83–7.79 (m, 3 H, HC(4), HC(6), HC(9)), 7.67 (d, J = 0.7, 1 H, HC(1)), 7.49–
7.42 (m, 2 H, HC(3), HC(8)), 7.38 (dd, J = 8.5, 1.8, 1 H, HC(7)), 6.11 (ddd, J = 
16.9, 10.2, 6.9, 1 H, HC(13)), 5.12 (ddt, J = 10.2, 8.5, 1.6, 2 H, HC(14)), 3.66 (ap, 
J = 6.9, 1 H, HC(12)), 1.48 (d, , J = 6.9, 3 H, HC(11)). 
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 13C NMR: (126 MHz, CDCl3) 
  143.1 C(13), 143.0 C(2), 133.6 C(10), 132.2 C(5), 127.9 C(4), 127.62 C(9), 
127.56 C(6), 126.2 C(1), 125.9 C(8), 125.3 C(7), 125.2 C(3), 113.4 C(14), 43.2 
C(12), 20.6 C(11). 
 TLC: Rf 0.28 (pentane) [silica gel, aqueous KMnO4] 
 GC: -tR: 6.69 min (>99:1 /) (GC Method 5) 
 
Preparation of 2-Methoxy-6-(1-methyl-2-propen-1-yl)naphthalene (1k) 
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH

BF4

(3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+ 1
2
3
4
5
7
8
9
Me11
12
13
14
MeO
6
15
10
Br
MeO
 
Following General Procedure II, Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 equiv), t-
BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv), 10k (237 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-55
−
 
(270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. After 
24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter 
cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel chromatography 
(30 mm × 20 cm, pentane/ether/CH2Cl2, 99:0:1→97:2:1), and Kugelrohr distillation afforded 
193 mg (91%) of 1k as a clear, colorless oil. Spectroscopic data matched those reported in the 
literature.
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Data for (1k): 
 bp: 190 °C (0.6 mmHg, ABT) 
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 1H NMR:  (500 MHz, CDCl3) 
  7.70 (d, J = 2.6, 1 H, HC(3)), 7.68 (d, J = 2.6, 1 H, HC(8)), 7.57 (d, J = 0.9, 1 H, 
HC(5)), 7.33 (dd, J = 8.5, 1.8, 1 H, HC(7)), 7.14 (d, J = 2.6, 1 H, HC(2)), 7.12 (m, 
1 H, HC(10)), 6.08 (ddd, J = 16.8,10.3, 6.4, 1 H, HC(13)), 5.08 (m, 2 H, HC(14)), 
3.91 (s, 3 H, HC(15)), 3.60 (ap, J = 6.9, 1 H, HC(12)), 1.44 (d, J = 7.0, 3 H, 
HC(11)). 
 13C NMR: (126 MHz, CDCl3) 
  157.3 C(1), 143.3 C(13), 140.7 C(6), 133.2 C(9), 129.1 C(4), 129.0 C(3), 126.8 
C(5), 126.7 C(8), 125.0 C(7), 118.6 C(2), 113.2 C(14), 105.6 C(10), 55.3 C(15), 
43.0 C(12), 20.7 C(11). 
 TLC: Rf 0.40 (pentane/ether/CH2Cl2, 97:2:1) [silica gel, aqueous KMnO4] 
 GC: -tR: 7.53 min (>99:1 /) (GC Method 5) 
 
Preparation of 1,3,5-Trimethyl-2-(1-Methyl-2-propen-1-yl)benzene (1l) 
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH
BF4
 (3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+
4
3
2
1
6
7
8
Me
Me 9Me10
Br
Me
MeMe
Me
5
 
Following General Procedure II, Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 equiv), t-
BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv), 10l (199 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-55
−
 
(270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. After 
24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter 
cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel chromatography 
(30 mm × 20 cm, pentane), and Kugelrohr distillation afforded 127 mg (73%) of 1l as a clear, 
colorless oil.  
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Data for (1l): 
 bp: 145 °C (13 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
  6.83 (s, 2 H, HC(3)), 6.11 (ddd, J = 17.4, 10.5, 4.1, 1 H, HC(7)), 5.05 (m, 2 H, 
HC(8)), 3.94 (m, 1 H, HC(6)), 2.31 (s, 6 H, HC(9), 2.25 (s, 3 H, HC(10)), 1.40 (d, 
J = 7.2, 3 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
  142.5 C(7), 138.5 C(1), 136.4 C(4), 135.3 C(2), 129.9 C(3), 112.6 C(8), 37.2 
C(6), 21.1 C(9), 20.6 C(10), 17.0 C(5). 
 IR: (film) 
  3080 (w), 2966 (m), 2914 (m), 2866 (w), 1633 (w), 1611 (w), 1568 (w), 1483 
(m), 1450 (m), 1412 (w), 1376 (w), 1068 (w), 1045 (w), 1024 (w), 1002 (w), 905 
(m), 850 (m), 752 (w), 729 (w). 
MS: (EI, 70eV) 
 174 (M
+
, 31), 159 (100), 144 (27), 128 (16), 84 (12), 62 (36).  
 HRMS: C13H18 (M
+
, EI, 70eV) 
  Calcd.:  174.1408 
Found:  174.1423 
 TLC: Rf 0.31 (pentane) [silica gel, UV] 
GC: tR: 5.83 min (99.7%) (GC Method 5). 
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Preparation of 1-(1-Methyl-2-propen-1-yl)4-(trifluoromethyl)benzene (1n) 
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH
BF4
 (3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+
Br
F3C 1
2
3
4
5
7
8
9
Me
6
F3C
 
Following General Procedure II, Pd(dba)2 (28.8 mg, 0.05 mmol, 0.05 equiv), t-
BuCy2PH
+
BF4
−
 (20.6 mg, 0.06 mmol, 0.06 equiv), 10n (225 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-55
−
 
(270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. After 
24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter 
cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel chromatography 
(30 mm × 20 cm, pentane), and Kugelrohr distillation afforded 165 mg (82%) of 1n as a clear, 
colorless oil. Spectroscopic data matched those reported in the literature.
93
  
Data for (1n): 
 bp: 95 °C (16 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
  7.55 (d, J = 8.2, 2 H, HC(3)), 7.32 (d, J = 8.2, HC(2)), 5.98 (ddd, J = 16.9, 10.7, 
6.4, 1 H, HC(7)), 5.07 (m, 2 H, HC(8)), 3.53 (ap, J = 7.0, 1 H, HC(6)), 1.38 (d, J 
= 7.0, 3 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
149.6 C(4), 142.2 C(7), 128.5 C(2), 127.6 C(8), 125.3 (q, J = 3.7, C(9)), 123.2 
C(3), 114.0 C(1), 43.0 C(6), 20.6 C(5). 
 TLC: Rf 0.52 (pentane) [silica gel, aqueous KMnO4] 
GC: -tR: 4.53 min (>99:1 /) (GC Method 5) 
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Preparation of 4-(1-Methyl-2-propen-1-yl)benzoic Acid, 1,1-Dimethylethyl Ester (1o) 
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH
BF4
 (3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+ O
O
1
2
3
4
5
6
7
8
9
Me
Me
Me
Me
10
11Br
t -BuO2C
 
Following General Procedure II, Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 equiv), t-
BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv), 10o (257 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-55
−
 
(270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. After 
24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter 
cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel chromatography 
(30 mm × 20 cm, pentane→pentane/ether, 20:1), and Kugelrohr distillation afforded 211 mg 
(91%) of 1o as a clear, colorless oil. Spectroscopic data matched those reported in the 
literature.
93 
Data for (1o): 
 bp: 140 °C (0.7 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
  7.94–7.91 (m, 2 H, HC(3)), 7.27–7.24 (m, 2 H, HC(2)), 5.98 (ddd, J = 17.7, 9.8, 
6.4, 1 H, HC(7)), 5.05 (m, 2 H, HC(8)), 3.51 (ap, J = 7.0 1 H, HC(6)), 1.58 (s, 9 
H, HC(11)), 1.37 (d, J = 7.0, 3 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
165.8 C(9), 150.4 C(1), 142.4 C(7), 130.0 C(4), 129.6 C(3), 127.1 C(2), 113.7 
C(8), 80.7 C(10), 43.1 C(6), 28.2 C(11), 20.6 C(5). 
 TLC: Rf 0.51 (pentane/ether, 20:1) [silica gel, aqueous KMnO4] 
GC: -tR: 6.84 min (>99:1 /) (GC Method 5) 
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Preparation of 1,3-Dimethyl-5-(1-Methyl-2-propenyl)benzene (1q) 
+
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH
BF4
 (3 mol %)
toluene, 70 °C
1
2
3
4
5
7
8
9 Me
Me 6
Me
BrMe
Me
Si
O-Na+
Me
MeMe
 
Following General Procedure II, Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 equiv), t-
BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv), 10q (185 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-55
−
 
(270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. After 
24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter 
cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel chromatography 
(30 mm × 20 cm, pentane), and Kugelrohr distillation afforded 144 mg (91%) of 1q as a clear, 
colorless oil. Spectroscopic data matched those reported in the literature.
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Data for (1q): 
 bp: 110 °C (9 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
  6.86 (s, 1 H, HC(4)), 6.84 (s, 1 H, HC(2)), 6.01 (ddd, J = 17.0, 10.3, 6.5, 1 H, 
HC(7)), 5.05 (m, 2 H, HC(8)), 3.40 (ap, J = 7.0, 1 H, HC(5)), 2.31 (d, J = 0.5, 6 
H, HC(9)), 1.35 (d, J = 7.0, 3 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
145.6 C(1), 143.4 C(7), 137.9 C(3), 127.8 C(4), 125.0 C(2), 112.8 C(8), 43.1 
C(6), 21.3 C(9), 20.7 C(5). 
 TLC: Rf 0.39 (pentane) [silica gel, aqueous KMnO4] 
 GC: -tR: 5.29 min (>99:1 /) (GC Method 5). 
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Preparation of 5-(1-Methyl-2-propen-1-yl)1H-indole-1-carboxylic Acid 1,1-Dimethylethyl Ester 
(1s) 
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH

BF4

(3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+ 1
2 3
4 5
7
8
9Me
6N
O
O
Me
Me Me
10
11
12
13
14
15
Br
N
O
O
Me
Me Me
 
Following General Procedure II, Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 equiv), t-
BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv), 10s (296 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-55
−
 
(270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. After 
24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the filter 
cake washed with ether (3 × 30 mL). Purification by aqueous workup and silica gel 
chromatography (30 mm × 20 cm, hexane/EtOAc, 100:1→20:1) afforded 193 mg (91%) of 1s as 
a clear, colorless oil. Spectroscopic data matched those reported in the literature.
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Data for (1s): 
 1H NMR: (500 MHz, CDCl3) 
  8.06 (d, J = 6.9, 1 H, HC(7)), 7.58 (d, J = 3.0, 1 H, HC(1)), 7.40 (d, J = 1.7, 1 H, 
HC(4)), 7.18 (dd, J = 8.6, 1.7, 1 H, HC(6)), 6.53 (d, J = 3.6, 1 H, HC(2)), 6.07 
(ddd, J = 16.9, 10.3, 6.3, 1 H, HC(11)), 5.06 (m, 2 H, HC(12)), 3.57 (ap, J = 7.0, 1 
H, HC(10)), 1.67 (s, 9 H, HC(15)), 1.42 (d, J = 7.0, 3 H, HC(9)). 
 13C NMR: (126 MHz, CDCl3) 
149.8 C(13), 143.7 C(11), 140.0 C(3), 133.7 C(5), 130.8 C(8), 126.0 C(1), 123.9 
C(6), 119.1 C(4), 115.0 C(7), 112.8 C(12), 107.2 C(2), 83.5 C(14), 43.0 C(10), 
28.2 C(15), 21.1 C(9). 
 TLC: Rf 0.39 (hexane/EtOAc, 20:1) [silica gel, UV] 
 
247 
 
Preparation of 1-(1-Methyl-2-propen-1-yl)-2-methylbenzene (1aa) 
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH
BF4
 (3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+
4
5
6
1
2
3 8
9
Me
7
Br 10
Me Me 11
 
Following General Procedure II, Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 equiv), t-
BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv), 10aa (171 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-
55
−
 (270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. 
After 24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the 
filter cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel 
chromatography (30 mm × 20 cm, pentane), and Kugelrohr distillation afforded 108 mg (74%) of 
1aa as a clear, colorless oil. Spectroscopic data matched those reported in the literature.
210
  
Data for (1aa): 
 bp: 90 °C (16 mmHg, ABT) 
 1H NMR:  (500 MHz, CDCl3) 
  7.20–7.18 (m, 2 H, HC(4) and HC(5)), 7.17–7.14 (m, 1 H, HC(3)), 7.13–7.10 (m, 
1 H, HC(6)), 5.99 (m, 1 H, HC(9)), 5.03 (m, 2 H, HC(10)), 3.70 (ap, J = 7.0, 1 H, 
HC(8)), 2.35 (s, 3 H, HC(11)), 1.35 (d, J = 7.0, 3 H, HC(7)). 
 13C NMR: (126 MHz, CDCl3) 
  143.4 C(1), 142.7 C(9), 135.5 C(2), 130.3 C(3), 126.2 C(6), 126.1 C(4), 125.9 
C(5), 113.0 C(10), 38.5 C(8), 19.9 C(7), 19.4 C(4). 
 TLC: Rf 0.36 (pentane) [silica gel, aqueous KMnO4] 
GC: -tR: 4.93 min (>99:1 /) (GC Method 5) 
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Preparation of 1-Phenoxy-4-(1-methyl-2-propen-1-yl)benzene (1ab) 
1.5 equiv
Pd(dba)2 (2.5 mol%)
t -BuCy2PH

BF4

(3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+
Br
PhO
4
3
2
1
6
7
Me
5
8
O9
10
11
12
 
Following General Procedure II, Pd(dba)2 (14.4 mg, 0.025 mmol, 0.025 equiv), t-
BuCy2PH
+
BF4
−
 (10.3 mg, 0.03 mmol, 0.03 equiv), 10ab (249 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-
55
−
 (270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 70 °C. 
After 24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the 
filter cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel 
chromatography (30 mm × 20 cm, pentane/ether, 200:1→100:1), and Kugelrohr distillation 
afforded 188 mg (84%) of 1ab as a clear, colorless oil. Spectroscopic data matched those 
reported in the literature.
28
 
Data for (1ab): 
 bp: 155 °C (1.8 mmHg, ABT) 
 1H NMR:  (500 MHz, CDCl3) 
  7.35–7.30 (m, 2 H, HC(11)), 7.20–7.16 (m, 2 H, HC(2)), 7.11–7.07 (m, 1 H, 
HC(12)), 7.02–6.99 (m, 2 H, HC(10)), 6.98–6.94 (m, 2 H, HC(3)), 6.01 (ddd, J = 
16.9, 10.3, 6.5, 1 H, HC(7)), 5.05 (m, 2 H, HC(8)), 3.47 (ap, J = 7.0, 1 H, HC(6)), 
1.37 (d, J = 7.0, 3 H, HC(5)). 
 13C NMR: (126 MHz, CDCl3) 
  157.5 C(4), 157.3 C(9), 143.3 C(7), 140.5 C(1), 129.7 C(11), 128.4 C(2), 123.0 
C(12), 118.9 C(3), 118.6 C(10), 113.1 C(8), 42.5 C(6), 20.8 C(5). 
 TLC: Rf 0.30 (pentane/ether, 200:1) [silica gel, aqueous KMnO4] 
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GC: -tR: 7.35 min (>99:1 /) (GC Method 5) 
 
Preparation of 3-(1-Methyl-2-propen-1-yl)quinoline (1ac) 
1.5 equiv
Pd(dba)2 (2.5 mol%)
t-BuCy2PH
BF4
 (3 mol %)
toluene, 70 °C
Si
O-Na+
Me
MeMe
+
4
9 N 1
2
3 11
12
13
N
Br
Me
10
5
6
7
8
 
Following General Procedure II, Pd(dba)2 (28.84 mg, 0.05 mmol, 0.05 equiv), t-
BuCy2PH
+
BF4
−
 (20.6 mg, 0.06 mmol, 0.06 equiv), 10ac (208 mg, 1.0 mmol, 1 equiv), Na
+
(Z)-
55
−
 (270 mg, 1.5 mmol, 1.5 equiv) and toluene (1.0 mL) were combined and heated to 90 °C. 
After 24 h, the reaction mixture was cooled to rt, filtered through silica gel (2 cm × 2 cm) and the 
filter cake washed with ether (3 × 30 mL). Purification by aqueous workup, silica gel 
chromatography (30 mm × 20 cm, pentane/ether, 20:1→1:1), and Kugelrohr distillation afforded 
150 mg (82%) of 1ac as a clear, colorless oil.  
Data for (1ac): 
 bp: 140 °C (1.0 mmHg, ABT) 
 1H NMR: (500 MHz, CDCl3) 
  8.81 (d, J = 2.2, 1 H, HC(1)), 8.10 (d, J = 8.4, 1 H, HC(8)), 7.94 (d, J = 2.1, 1 H, 
HC(3)), 7.79 (dd, J = 8.2, 1.0, 1 H, HC(5)), 7.67 (ddd, J = 8.4, 6.9, 1.4, 1 H, 
HC(6)), 7.53 (ddd, J = 8.1, 6.9, 1.1, 1 H, HC(7)), 6.07 (ddd, J = 16.9, 10.4, 6.3, 1 
H, HC(12)), 5.14 (m, 2 H, HC(13)), 3.70 (m, 1 H, HC(11)), 1.49 (d, J = 7.1, 3 H, 
HC(10)). 
 13C NMR: (126 MHz, CDCl3) 
  151.3 C(1), 146.7 C(9), 141.8 C(12), 138.0 C(4), 133.1 C(3), 129.0 C(8), 128.8 
C(6), 128.1 C(2), 127.5 C(5), 126.6 C(7), 114.5 C(13), 40.7 C(11), 20.5 C(10). 
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 IR: (film) 
  3078 (w), 3064 (w), 3003 (w), 2968 (w), 2873 (w), 1636 (w), 1602 (w), 1571 (w), 
1495 (w), 1455 (w), 1415 (w), 1380 (w), 1333 (w), 1259 (w), 1232 (w), 1194 (w), 
1125 (w), 1068 (w), 1014 (w), 992 (w), 964 (w), 908 (w), 861 (w), 788 (w), 752 
(m), 661 (w), 644 (w), 610 (w). 
MS: (EI, 70eV) 
 183 (M
+
, 62), 168 (100). 
 HRMS: C13H13N (M
+
, EI, 70eV) 
  Calcd.:  183.1066 
Found:  183.1048 
 TLC: Rf 0.31 (pentane/ether, 1:1) [silica gel, UV] 
GC: -tR: 6.88 min, -tR: 7.08, 7.15 min (26:1 /) (GC Method 5). 
 Analysis: C13H13N (183.25) 
  Calcd.:  C, 85.21 H, 7.15 N, 7.64 
 Found:  C, 85.26 H, 7.26 N, 7.56 
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